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TO  THE 


ROYAL  SOCIETY 


OF 

LONDON. 


GENTLEMEN, 

The  lovers  of  fcience  in  every 
country  owe  you  extenfive  obli- 
«•ations.  Your  labours  for  the  ad- 

O 

vancement  of  natural  knowledge, 
the  rigorous  exactitude  which 
charaCterifes  your  enquiries,  the 
numerous  and  brilliant  difcoveries 
to  which  they  have  given  birth, 
are  benefits  which  entitle  you  to 

the 
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the  admiration  of  your  contem- 
poraries, and  to  the  gratitude  of 
pofterity.  The  homage  of  my 
feeble  productions  is  not  an  offer- 
ing to  which  I attach  any  merit, 
but  a debt  that  I endeavour  to 
pay. 

I have  the  honour  to  be. 

With  the  moft  profound  refpeft, 

GENTLEMEN, 

Your  moft  obliged 
And  moft  devoted 
Humble  fervant, 

M.  A.  PICTET. 
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PREFACE. 


The  prefent  Eflày,  being  the 
fruit  of  labours  frequently  inter- 
rupted, is,  in  many  refpe&s,  an 
imperfect  work,  and  would  have 
been  ftill  more  fo,  had  it  been  pub- 
lifhed  two  years  ago,  at  which 
time  the  chief  part  of  it  was  di- 
gelled  ; but  the  experiments  I 
have  fince  made  have  enabled  me 
to  infert  new  fa£ts,  and  to  rectify 
opinions  in  which  I had  confided. 

On  the  other  hand  it  is  certain, 
that  in  confequence  of  this  delay, 

I have 
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I have  been  anticipated  in  the 
fuggeftion  of  fome  of  the  gene- 
ral ideas  contained  in  the  firfi: 
chapter  ; Mr.  Lavoifier,  in  the 
Elementary  ‘Treatife  of  Chemiftry , 
with  which  he  has  lately  enriched 
the  fcience,  having  confidered  the 
modifications  of  fire  in  a manner 
very  analogous  to  mine.  And  al- 
though certain  paragraphs  of  my 
work  refemble,  almofi:  word  for 
word,  thofe  of  that  celebrated 
chemift,  I have  preferred  letting 
them  remain  abfolutely  as  I wrote 
them,  and  as  they  were  read  by 

Meffrs. 
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Melîrs.  de  Sauflure  and  Senebier, 
and  fome  other  friends,  two  years 
before  the  publication  of  the  trea- 
tife  juft  mentioned  ; as  the  tefti- 
mony  of  thefe  learned  men,  and 
of  the  perfons  who  aflifted  at  the 
particular  courtes  of  le&ures,  in 
which,  during  the  laft  three  years, 
I developed  the  theory,  whole 
abridgement  is  included  in  the  firft 
chapter  of  this  Elfay,  will  fecure 
me  from  every  fufpicion  of  pla- 
giarifm  ; and  I am  too  much  flat- 
tered by  finding  my  ideas  coincide 
with  thofe  of  that  learned  acade- 
mician, to  deny  myfelf  the  plea- 

fure 
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fure  of  remarking  it  to  my  read- 
ers. 

Having  fo  long  retarded  this 
publication,  perhaps  I ought  Hill 
to  have  deferred  it  ; as  it  will  be 
feen  that  the  experiments  com- 
prifed  in  the  fécond  chapter,  re- 
quired to  be  repeated  in  other  cir- 

cumftances  ; and  that  thole  in  the 

/ 

flxth  chapter  ought  to  have  been 
varied  in  all  the  known  aeriform 
fluids  ; but  my  particular  fltuation 
not  permitting  me  either  to  difpofe 
of  my  time  as  I wilhed,  or  to 
forefee  with  certainty  at  what  pe- 
riod I might  be  able  to  complete 
2 the 
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the  work,  I have  preferred  pub- 
lifhing  this  EJfay  at  prefent,  in- 
tended rather  to  offer  new  objects 
of  enquiry  to  philofophers,  and 
to  point  out  certain  tracks  in  the 
experimental  line,  than  to  remove 
every  difficulty. 
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ESSAY  ON  FIRE. 


CHAPTER  I. 

Introduction — Uncertainty  concerning 
the  Nature  of  Fire — Its  Modifica- 
tions may  le  confidered  under  four 
Points  of  View — liberated  Fire 
— Specific  Heat — Paient  Heat — 

Fire  in  a State  of  Combination , or 
combined  Fire.  * 

§ i /I'hE  adual  progrefs  of  thofe  introJuc- 
Sciences,  whofe  objeft  is  the  ftudy  of tl0U' 
nature,  promifes  rapid  fuccefs  ; and 
B the 
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the  numerous  difeoveries,  which  are 
the  confequence  of  it,  and  which  dif- 
tihguifh  the  prefent  century,  difclofe 
how  much  we  have  to  expedt  from  the 
future.  It  has  at  length  been  felt,  that 
we  ought  to  attack  the  tree  of  Science, 
not  by  the  trunk,  but  by  the  branches; 
that  we  ought  to  accumulate  facts, 
vary  them  in  every  poffible  manner, 
and  only  recur  to  Syftems  and  The- 
ories, as  to  methods  of  arrangement, 
as  to  a faint  light,  which,  without 
doubt,  may  condudt  us,  in  the  fearch 
of  great  truths,  to  a certain  point,  but 
which  may  alfo  lead  us  aftray. 

§ 2.  Invited  by  tafte  and  profeffion 
to  the  ftudy  of  natural  Philofophy,  I 
have  thought  it  my  duty  to  unite  my 
efforts  with  thofe  of  my  cotemporaries, 
to  contribute  to  the  increafe  of  the 
mafs  of  fads,  which  fupport  our  know- 
ledge 
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ledge  in  this  branch  of  Science  ; and 
I publifh  my  principal  experiments, 
with  their  refults,  that  thefe  materials 
may  be  ready  to  be  employed  by  more 
dexterous  artifts. 

§ 3.  Fire,  fome  of  whole  modifica-^jv^ 
tions  are  the  objeét  of  the  experiments '|°"c“t"i"cg 
of  the  prefent  Effay,  may  be  cited  inof  fit£- 
proof  of  this  humiliating  truth,  that 
our  pofitive  knowledge  is  reduced  to 
fads.  The  antients  had  flrange  no- 
tions of  the  nature  of  this  element  : 
the  heat  they  called  celejlialy  that  of 
combultion,  of  boiling  water,  of  fer- 
mentation, and  animal  heat,  were,  ac- 
cording to  them,  fo  many  different 
kinds  of  heat.  Thefe  errors  are  now 
abandoned  ; but  the  greateft  philofo- 
phers  of  this  age  do  not  yet  agree  in 
their  opinions  concerning  the  nature 
of  fire.  Some  confider  it  as  a fimple 
B 2 modi- 
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modification  of  bodies,  as  a vibratory 
commotion  in  the  particles  which 
compofe  vifible  aggregates,  and  they 
attribute  change  of  temperature  to  va- 
riations in  the  intenfity  of  thefe  vibra- 
tions. According  to  other  philofo- 
phers,  fire  is  a peculiar  fluid,  fui  gene- 
ris, which  pafles  eafily  through  all  bo- 
dies, which  is  prodigioufly  expanfi- 
ble,  and  which,  in  confequence  of  its 
elafdcity,  or  fome  other  caufe,  dilates 
all  bodies  whofe  texture  it  penetrates. 
Amongft  thofe,  who  regard  fire  as  a 
fubflance,  fome  believe  it  an  elaftic 
fluid,  univerfally  diffufed,  capable  of 
vibration  ; and  by  thefe  vibrations, 
they  explain  its  principal  effects. 
Others  confider  it  as  a particular  ra- 
diant emanation,  emitted  by  hot  bo- 
dies, and  expandi  around  them  ac- 
cording to  certain  laws.  Some  be- 
lieve 


C 5 ) 

lieve  it  without  weight  ; others  ima- 
gine that,  far  from  being  ponderous, 
it  lightens  bodies  with  which  it  is 
united.  Some  efteem  it  a Ample  be- 
ing, a true  element  ; others  believe  it 
a compound.  This  oppofition  be- 
tween authorities  equally  worthy  of 
confidence,  and  the  little  concord  con- 
cerning fadts  themfelves,  prove  but  too 
well  the  difcouraging  truth  I have  juft 
advanced.  Each  of  the  two  funda- 
mental opinions  has  its  advantages  and 
its  difficulties  ; both  explain,  almoft 
equally  well,  the  phenomena  ; and,  in 
the  prefent  ftate  of  this  fcience,  it  is 
not  eafy  to  decide,  whether  fire  is  mat- 
ter, or  only  a Ample  movement  in 
matter.  The  expreffion  of  quantity 
applied  to  the  caufe  of  heat,  will  there- 
fore apply  to  a certain  matter,  or  to  a 
B 3 certain 
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certain  movement,  according  as  either 
of  thefe  opinions  fhall  be  embraced, 
its  infln-  § 4.  I confefs  I would  rather,  with 
tutc.  na"  °oe  of  the  firft  chemifts  of  our  times  *, 
confider  fire,  not  only  as  a fubftance, 
but  as  the  univerfal  agent,  whofe 
: power  constantly  modifies  that  general 
law  of  affinity,  which  tends  to  unite  the 
molecules  of  matter  in  order  to  form 
aggregates.  I am  pleafed  in  confider- 
ing  the  fame  body  now  folid,  now 
liquid,  now  elaftic  fluid,  according  as 
the  expanfive  force  of  fire  is  weaker, 
equal,  or  ftronger  than  that  of  the 
affinity,  which  tends  to  unite  its  inte- 
gral molecules.  This  idea  feems  to 
me  too  exquifite,  too  conformable  to 
the  courfe  of  fads,  and  the  fimplicity 
of  nature,  to  be  only  an  hypothefis. 

* Mr.  Lavoifier.  Mr.  De  Sauflure  has  long 
taught  the  lamp  theory  in  his  Lectures. 

§ S'  Heat, 


§ 5-  Heat,  properly  fpeaking,  is 
that  fenfation  which  the  prefence  of*lts  variout 

b A denomina- 

fire  occafions  in  an  animate  body.dons. 
The  Hate  of  an  inanimate  body,  when 
it  contains  fire,  is  alfo  diftinguifhed  by 
this  word  : for,  in  this  fenfe,  we  fay, 
the  heat  of  red-hot  iron.  Cuftom  has 
likewife  confecrated  an  acceptation  of 
this  word,  ftill  more  diftant  from  its 
true  fenfe.  Many  writers,  as  well  in 
our  own  as  in  the  Englilh  language, 
fignify  the  caufe  by  the  name,  which 
fhould  have  been  appropriated  exclu- 
fively  to  the  effect.  They  call  fire  it- 
felf,  confidered  in  a ftate  of  liberty, 
heat,  and  fometimes  the  matter  of 
heat.  It  has  likewife  been  denomi- 
natedi fluide  igné,  and  fluide  calorifique  *. 

* Igneous  fluid  and  calorific  fluid. 

B 4 
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Finally,  the  celebrated  chemifts,  who 
have  lately  propofed  a new  nomencla- 
ture, call  it  caloric  ; a happy  expref- 
lion,  which,  without  doubt,  will  be 

univerfally  adopted. 

§ 6.  Reflecting  on  the  igneous 

phenomena  prefented  by  the  whole  of 
the  difcoveries  made  until  the  prefent 
day,  it  appears  that  they  may  be  clafled 
under  thefe  four  heads,  viz.  liberated 
fire , fpecific  heat,  latent  heat,  and  che- 
mical or  combined  fire  ; which  fhews  us 
this  element  under  fo  many  different 
points  of  view.  We  may  confider  it, 
-firft,  as  produced  or  developed  in  a 
certain  place  by  any  caufe  whatfo- 
ever,  and  tending  to  expand  itfeif 
around  the  centre  or  focus  as  an  invifi- 
ble  emanation,  which  moves  accord- 
ing to  certain  laws,  with  a certain  velo- 
city; which  penetrates  more  or  lefs 
• readily 
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readily  all  fubftances  it  meets  ; which 
occafions  the  fenfation  of  heat  in  ani- 
mated bodies,  and  dilates  or  augments 
the  dimenfions  of  almoft  all  others. 

This  is  the  igneous  fluid,  free  caloric, 
thermometric  fire,  and,  according  to 
others,  heat. 

§7.  In  proportion  as  fire  by  this  its  moil 
motion  penetrates  any  fubftance,  thefflïéu  ' 
bulk  of  this  fubftance  is  increafed  ; 
and  this  is  the  moft  general  indication 
of  the  prefence  of  fire.  To  appre- 
ciate its  gradations,  we  employ  fub- 
ftances, whofe  augmentation  of  vo- 
lume is  as  proportionable  as  poffible 
to  the  increafe  of  heat.  In  this  re- 
fpeft,  Mercury  has  been  happily 
chofen.  According  to  this  principle 
we  may  conceive  the  ufe  of  Thermo- 
meters : they  always  admit  the  pre- 
fence of  liberated  fire,  and  indicate 
\ pretty 


Its  moft 
confiant 
ch  a rafter. 
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pretty  exa&ly  its  increafe  or  diminu- 
tion within  certain  limits. 

§ 8.  The  mod  confiant  character  of 
fire  in  its  date  of  liberty  is  a continual 
tendency  to  equilibrium,  or  to  iflue 
from  the  place  where  it  is  in  the 
greated  tenfion,  towards  that  where  it 
experiences  lefs.  (I  fhall  prefently 
explain  what  I mean  by  tenfion.)  Thus 
all  bodies,  when  heated,  are,  in  fome 
degree,  in  a forced  date  ; the  fire  re- 
mains there  chiefly,  becaufe  it  is  re- 
prefled  by  the  ambient  fire.  In  this 
point  of  view  this  fluid  cannot,  in  ge- 
neral, bereflrained  or  cohibited,  but  by 
itfelf  : the  equilibrium  which  fome- 
times  refults  therefrom  is  called  tempe- 
rature. 

§ 9.  It  is  eflential  to  conceive 
clearly,  from  the  commencement, 
what  fort  of  indication  the  thermome- 
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ter  affords  us.  Let  us  fuppofe  a ther- 
mometer in  a vefl'el  full  of  water,  with 
abftraétion  cf  the  furrounding  air  : 
the  water  and  the  mercury  of  the  ther- 
mometer contain  fire,  which  tends  to 
quit  both.  If  this  tendency  be  equal 
in  each,  the  mercury  will  neither  rife 
nor  fall,  on  plunging  the  infiniment 
into  the  water  : there  will  be  equili- 
brium between  thefe  equal  tenfions  *, 
and  the  thermometer  will  fhew,  by  the 
degree  obferved  on  its  fcale,  the  tem- 
perature of  the  liquid.  If  the  tenfion 
| of  the  fire  had  been  greater  in  the  wa- 

* I have  chofen  this  word  tenfion,  becaufe  it 
| has  been  appropriated  to  this  idea  by  Mr.  Volta, 
who  has  ufed  it  in  an  analogous  fenfe  relatively 
to  the  electric  fluid  ; but  if  I did  not  fear  being 
accufed  of  neologfim , I fhould  much  prefer  the 
word  expanfiventfs  ( expanfiveté)  which  renders 
| much  more  exadfly  my  idea. 
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ter  than  in  the  thermometer,  the  heat 
would  have  been  directed  to  the  in- 
ftrument,  until  it  had  acquired  a ten- 
fion  fufficient  to  refill  a new  increafe. 
The  thermometer  having  rifen  as  long 
as  the  introduction  of  fire  into  the 
fubftance  of  which  it  is  compofed, 
continued,  would  have  ftopt  at  the 
point  of  equilibrium,  and  would  have 
fhewn  the  temperature  of  the  liquid. 
Again,  if  the  tenfion  of  the  fire  had 
been  lefs  in  the  water  than  in  the  ther- 
mometer, the  excels  would  have  been 
communicated  by  the  thermometer  to 
the  water,  until  they  had  acquired  an 
equilibrium  : the  thermometer  would 
have  defcended  as  the  heat  abandoned 
it,  and  ceafing  to  defcend,  when  the 
tenfion  of  the  fire  in  the  inllrument 
equalled  that,  which  exifted  in  the 

ambient 
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ambient  liquid,  it  would  have  again 
indicated  the  temperature  of  the  water. 

§ 10.  This  tenfion  of  liberated  fire,  on  what  it 
in  v/hatever  fubftance  it  has  pene- <1epends' 
trated,  depends  on  two  caufes  : on  the 
degree  of  its  real  accumulation,  or  ab- 
folute  denfity,  and  on  the  greater  or 
lefs  faculty  of  the  fubftance  in  which  it 
lis  accumulated  to  reftrain  or  retain  it  ; 

! faculty  which  is  called  its  fpecific 
heat,  and  of  which  we  fhall  by  and 
! by  give  an  explanation.  The  tenfion 
is  in  direét  ratio  of  the  denfity,  and 
inverfe  of  the  fpecific  heat. 

Thus  we  fee  how  far  thermometers 
are  from  teaching  us  any  thing  re- 
fpefting  the  abfolute,  or  even  relative 
quantity  of  heat  contained  in  the  bo- 
dies, whofe  temperature  we  examine 
by  thefe  inftru  nents.  They  only 
fhew  us  the  tranflations  of  the  igneous 

fluid. 
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fluid,  and  fubdivide,  into  nearly  equal 
aliquots,  a certain  part  of  the  entire 
fcale  of  heat,  whofe  real  extent  is  un- 
known. 

Precaution  § ii.  As  the  thermometer  almoft 
rir/always  gives  or  receives  heat,  in  the 
ters'  manner  in  which  we  ufe  it  to  meafure 
the  temperature  of  bodies,  it  is  necef- 
fary,  if  we  defire  that  the  experiment 
fhould  be  phyfically  exaél,  that  the  in- 
finiment fhould  have  fo  fmall  a vo- 
lume, that  the  quantity  of  fire  given 
or  received  may  be  neglefted  without 
any  fenfible  error. 

2nd.  state  § i2.  Let  us  at  prefent  fuppofe  a 
dfic'hear!"  certain  focus,  from  whence  ifllies  a 
confiant  and  uniform  calorific  emana- 
tion ; let  us  place,  at  equal  diftances 
around  it,  feveral  fubftances  of  the 
fame  nature  and  fize  ; thefe  will  all 
be  penetrated  by  the  calorific  ema- 
nation. 
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nation,  and  their  temperature  will  rife 
by  equal  degrees,  and  will  ceafe  to 
rife  when  the  fire  (hall  have  acquired, 
by  its  accumulation,  a tenfion  fuffi- 
cient  to  enable  them  to  refill* a new 
augmentation  ; but  if  we  place  around 
this  focus  at  equal  diftances  different 
fubftances  of  equal  mafs,  or  equal 
weight,  and  of  different  nature  ; as 
for  inftance,  a pound  of  water,  a 
pound  of  glafs,  a pound  of  mercury, 
&c.,  the  fire  will  penetrate  them  all, 
and  they  will  all  finally  acquire  the 
fame  temperature,  but  in  different 
(paces  of  time,  and  by  diffimilar  de- 
grees. This  may  depend  upon  two 
caufes  difficultly  feparable  : the  dif- 
ferent permeability  of  thefe  fubftan- 
ces to  the  matter  of  fire,  or  their  fa- 
culty of  conducting  heat,  in  virtue  of 
which  a longer  or  (hotter  time  is  re- 
quired 


( ) 

quired  to  penetrate  their  texture  ; and 
the  different  faculty  of  thefe  bodies 
to  contain,  or  more  properly  fpeak- 
ing,  to  retain  the  free  caloric.  The 
more  this  faculty  or  capacity,  as  it  is 
called,  or  affinity,  as  I think  it  ought 
to  be  called,  is  confiderable,  the  more 
it  will  permit  the  real  accumulations 
of  fire,  before  the  term  of  equili- 
brium, refulting  from  that  accumula- 
tion, takes  place  : fo  that  when  this 
equilibrium  fhall  obtain,  although  it 
may  indicate  an  equal  tenfion  in  the 
matter  of  fire,  it  will  not  indicate,  nor 
any  thing  near  it,  that  this  equal  ten- 
fion has  for  caufe  equal  accumulations 
of  heat,  in  the  feveral  bodies  equal  in 
mafs. 

drawn^from  §i  3.  I fhall  explain  thefe  confide- 
fubftances.  rations,  of  which  it  is  important  to 

have 
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have  a very  clear  notion  by  another 
example. 

Let  us  plunge  into  a bafon  of  wa- 
ter, at  the  fame  inftant,  a pound  of 
dried  fponge,  a pound  of  blotting  pa- 
per, and  a pound  of  fome  porous 
wood.  At  the  expiration  of  a certain 
time,  thefe  fubftances  will  be  equally 
wet,  and  will  have  imbibed  all  the 
water  they  are  capable  of  retaining. 
The  blotting  paper  will  have  been  firft 
penetrated  by  the  water,  as  being  very 
permeable  to  this  liquid.  The  fponge 
will  be  lefs  quickly  penetrated,  per- 
haps, for  two  reafons  : firft,  becaufe 
dried  fponge  is  lefs  permeable  than 
the  paper  ; fecondly,  becaufe  it  has  a 
greater  capacity  of  imbibing  water, 
and  confequently,  ceteris  paribus,  it 
will  require  more  time  to  be  faturated 
with  water  than  the  paper.  Laftly, 
C the 
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the  wood  will  require  a much  longer 
time  to  be  fully  humedted,  although 
it  has  lefs  capacity,  being  lefs  permea- 
ble to  water  than  the  other  two  fub- 
ftances. 

When  we  take  thefe  three  fubftan- 
ces  out  of  the  water,  they  will  be 
wet,  apparently,  in  the  fame  degree, 
as  well  externally  as  internally  ; but 
they  will  be  far  from  containing  the 
fame  quantities  of  water.  The  paper 
will  have  abforbed  more  than  the  wood, 
and  lefs  than  the  fponge. 

This  is  what  happens  to  various 
fubftances  of  equal  maffes  and  differ- 
ent natures,  plunged  into  a calorific 
atmofphere,  and  heated  to  a like  tem- 
perature. And  I believe  this  compa- 
rifon  fo  exadt,  that  I efteem  the  affi- 
nity of  the  water  which  wets,  identi- 
cal to  the  affinity  of  the  fire  which 

heats, 
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heats,  which  evaporates,  which,  irt 
general,  produces  all  folutions  *,  and 
which,  as  I think,  is  nothing  but  the 
affinity  of  coheffon,  or  phyjical  affi- 
nity, as  I call  it,  in  opposition  to  che- 
mical or  elective  affinity. 

Could  we  apply  an  hygrometer  to 
thefe  fubftances,  which  have  ferved 
us  as  examples,  at  the  moment  they 
are  taken  out  of  the  water,  this  in- 
ftrument  would  indicate  nothing  more, 
than  that  they  were  equally  humedted, 
and  would  leave  us  ignorant  of  the 
quantities  of  water  they  contained: 
In  like  manner  the  thermometer  ap- 
plied to  fubftances  heated  to  the  fame 
degree,  will  only  fhew,  that  the  fire 
has  an  equal  tendency  to  abandon 
them,  but  will  teach  us  nothing  as  to 

” V ery  different  from  diffolutions. 

C 2 the 
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the  abfolute  or  relative  quantities  of 
heat  which  produce  this  tendency. 
However,  we  (hall  know  the  relative 
quantities  of  water  which  humeéted  the 
three  fubftances,  if,  for  example,  we 
exficcate  them  to  the  fame  degree,  in 
an  apparatus  proper  to  collect  fepa- 
rately  the  water,  which  will  abandon 
each  of  them. 

We  may  likewife  obtain  the  rela- 
tive quantities  of  heat,  contained  by 
various  fubftances,  heated  to  the  fame 
thermometric  degree,  if  we  cool  them 
to  the  fame  degree,  in  an  apparatus 
proper  to  receive  and  meafure  fepa- 
rately  the  quantity  of  'heat  which 
abandons  them  during  their  refrigera- 
tion. This  may  be  effected  either  by 
means  of  mixture,  or  by  the  ingenious 
apparatus  in  which  Meflrs.  Lavoifier 

and 
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and  De  la  Place  * have  employed, 
with  this  intent,  the  fufion  of  con- 
gealed water. 

But  yet,  by  exficcating  to  the  fame 
degree,  the  humedted  bodies,  which 
have  ferved  us  as  examples,  we  only 
obtain  the  relative  quantities  of  wa- 
ter, which  made  them  equally  wet, 
and  not  the  abfolute  quantities  of  wa- 
ter, which  they  contained  ; becaufe 
we  are  far  from  having  procured  a 
perfedt  exficcation.  In  like  manner, 
by  meafuring  the  quantities  of  heat 
which  efcape  from  the  different  equi- 
ponderent  fubftances,  heated  to  the 
fame  degree,  we  only  obtain,  by  an 
equal  refrigeration,  the  relative  quan- 
tities of  heat,  which  produced  in  them 
an  equal  tenfion,  or  fimilar  thermo- 

* Mem.  Acad.  1780. 

c 3 


metric 


( *2  ) 

metric  effeft,  and  not  at  all  the  abfa- 
lute  quantities  of  heat  they  contain  ; 
becaufe  we  are  ftill  far  diftant  from  a 
perfect  refrigeration  *, 

Fire, 

* In  my  preface  I have  faid  that  I had  the 
happinefs  to  coincide  with  Mr.  Lavoifler  in  a re- 
markable manner.  I cannot  reflft  the  tempta- 
tion of  recounting  to  my  reader,  what  this  cele- 
brated Chemift  has  faid  in  his  Elementary 
Treat  if e of  Chemiftry , vol,  /.  page  19,  which 
may  be  compared  with  what  I have  faid 
above,  two  years  before  the  publication  of 
that  work,  which  makes  an  epoch  in  the  fei- 
ence.  u An  example”  fays  he,  of  what 
u pafics  in  water,  and  fome  reflexions  on  the 
44  manner  in  which  this  fluid  wets  and  pene- 
u trates  bodies,  will  render  this  more  intelli- 
iC  gible.  One  cannot,  in  abflraX  fubjeXs,  too 
44  feduîôùfly  feek  afiiftance  from  fenflble  com- 
parifons.  If  we  plunge  into  water  pieces  of 
44  wood  of  different  kinds,  of  equal  bulk,  a 
414  foot  cube  for  example,  this  fluid  will  gradu- 
' v 44  ally 
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Fire,  confidered  in  this  point  of 
view,  viz.  as  accumulating  in  a 

44  ally  introduce  itfelf  into  their  pores  ; they 
44  will  fwcll  and  augment  in  weight,  but  each 
“ piece  will  admit  into  its  pores  a different 
44  quantity  of  water;  the  lighted  and  mod 
44  porous  will  lodge  the  greated  quantity  ; 
44  thofe  which  are  compadt  and  clofe  will  re- 
44  çeive  only  a fmall  quantity.  In  fhort,  the 
44  portion  of  water  they  receive,  will  depend, 
44  likewife,  upon  the  nature  of  the  condituent 
44  molecules  of  the  wood,  on  the  greater  or 
44  lefs  affinity  they  may  have,  with  water  ; and 
44  very  refinous  wood,  for  indance,  although 
44  very  porous,  will  admit  but  little.  It  may 
44  therefore  be  faid,  that  the  different  kinds  -of 
44  wood  have  different  capacities  for  receiving 
44  water;  one  may  even  know,  by  the  increafe 
44  of  weight,  the  quantity  they  have  abforbed, 
44  but  it  will  be  impoffible  to  know  the  abfo- 
44  lute  quantity  they  contain  on  their  being 
44  taken  out  of  it,  becaufe  we  were  ignorant 
“ of  the  quantity  of  water  they  contained  be* 
“ fore  their  immerfion.” 

c4 
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greater  or  lefs  quantity  in  fubftances 
of  different  natures,  but  of  equal 
maffes,  which  it  penetrates,  and  in 
which  it  acquires  an  equal  tenfion, 
has  been  called  by  forne  natural  phi- 
lofophers,  latent  heat,  and  by  the 
greateft  number,  fpecificheat.  It  may 
be  defined  with  the  learned  academi- 
cians abovementioned,  “ the  rela- 
“ tion  of  the  quantities  of  heat,  ne- 
“ ceflary  to  raife,  through  the  fame 
**  number  of  degrees  of  temperature, 
“ divers  fubffances  of  equal  maffes.” 
The  expreffion,  fpecific  heat,  appears 
moft  happily  applied. 

§ 14.  This  modification  of  fire 
had  efcaped  philofophers  until  our 
own  times.  I find  the  firft  traces  of 
it  in  the  juftly  celebrated  work  of 
Mr.  De  Luc,  on  the  Modifications  of 

the 
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the  Atmofphere  *,  published  in  1772; 
and  it  had  been  already  developed  in 
the  leftures  given  at  that  period  by 
Dr.  Black,  of  Edinburgh.  The  uni* 
ted  labours  of  this  diftinguifhed  che- 
mift,  of  Meffrs.  Lavoifier  and  De  la 
Place  in  France,  of  Mr.  Wilkie  in 
Sweden,  of  the  Chevalier  Landriani 
at  Milan,  of  Drs.  Crawford  and  Ir- 
wine,  of  Meffrs.  Kirwan,  Watt,  and 

44  I know  not,”  fays  he,  44  if  we  have  a- 
44  juft  idea  of  what  we  call  equality  of  differ- 
44  ence  of  heat  in  bodies  of  different  natures, 
64  when  we  once  penetrate  beyond  appearances, 
64  of  the  indications  of  the  thermometer.  It 
44  is  very  little  probable  that  different  bodies,. 
44  which  are  denominated  equally  hot,  becaufe 
44  they  keep  the  thermometer  at  the  fame  heigh  U 
44  contain  a fimilar  quantity  of  fire,  in  the 
46  fame  volume  or  in  equal  maffes.” 

Elfai  fur  les  Modifications  de  l’Atmof- 
phére,  § 973. 


Magellan, 
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Magellan,  in  England,  have  fingu- 
larly  extended  this  new  branch  of 
phyfics.  They  have  proceeded  by 
experiment,  and  have  taken  the  fpe- 
cific  heat  of  water  as  their  unit,  and 
as  their  common  ftandard.  Some  of 

Tables  of  thefe  gentlemen  have  given  tables  of 

fpccific  heat  f 

the  Ipecmc  heat  ot  a great  number  or 
fubftances,  both  folid,  liquid,  and 
aeriform. 

They  have  § i c.  But  are  they  not  blameable 

negle&ed  J 

the  confide- for  having  neglected,  in  the  compila- 

voiume°  tion  of  thefe  tables,  the  confideration 
of  the  volume  of  the  fubftances  fub- 
mitted  to  experiment,  and  for  having 
referred  the  fpecific  heat  folely  to  the 
weight  or  quantity  of  matter  ? It  ap- 
pears to  me,  that  to  have  had  clear 
ideas  of  that  modification  of  fire, 
they  ought  alfo  to  have  confidered  the 
volume.  Thus  a -pound  of  air  occu- 
pies 


( 27  ) 

.pies  a fpace  about  800  times  greater 
than  a pound  of  water  ; fuppofe  there 
was  neither  air  nor  water  in  thefe  two 
fpaces,  fo  very  difproportionate,  there 
wouJd  be  800  times  more  fire  in  the 
firft  than  in  the  laft,  the  tenfion 
being  eqyal.  Let  us  introduce  air 
and  water  refpeftively  into  thefe  two 
fpaces,  and  confiait  the  tables  of  fpe- 
cific  heat,  we  fhall  fee  that  it  only  re- 
quires eighteen  times  and  a half  more 
fire  to  raife  the  thermometer  a degree 
in  the  pound  of  air,  than  in  the  pound 
of  water,  which  occupies  a fpace 
800  times  lefs.  Hence  this  confidc- 
ration  (hews  us  much  more  clearly  the 
great  relative  force  with  which  water 
retains  fire,  of  its  fpecific  heat. 

§ 16.  This  fire,  retained  in  the  air 
by  affinity,  may  be  feparated  to  a cer- 
tain degree  from  that  which  is  cohibiteA 

by 
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by  ambient  fire,  in  the  abfolute  fpace 

Experi-  which  this  fame  air  occupies,  under 

ment  which  . x 

proves  the  a given  prefiion  of  the  atmofphere. 

faculty  of  ? . \ r 

the  vacuum  It  is  in  this  way  that  we  can  account 

to  contain  r . • i i iv  yr 

ire.  tor  an  experiment  mentioned  by  Mr. 
Lambert,  in  his  Pyrometry,  and  which 
Mr.  De  Sautfure  has  repeated  in  a 
recipient  perfectly  exficcated  *.  I 
have  alfo  made  the  fame  experiment 
feveral  times.  If,  after  having  ob- 
tained a vacuum  in  a receiver  contain- 
ing a thermometer,  you  give  a brifk 
admiffion  to  the  air  of  the  chamber, 
heated  to  the  fame  degree  that  the 
thermometer  within  the  receiver  indi- 
cates, it  will  fuddenly  rife  about  two 
degrees  of  the  fcale  of  80  parts.  I 
adopt,  with  Mr.  De  Sauflure,  the 
explication  of  this  phenomenon,  as 

* E fiais  fur  P Hygrométrie. 
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given  by  that  celebrated  geometrician  : 

44  The  heat,”  fays  he,  44  that  is  car- 
44  ried  by  the  mafs  of  air  which  enters^ 
44  the  receiver,  joins  that  which  ex- 
44  ifted  already  in  the  fame  receiver, 
44  unattached  to  any  fubftance,  and 
44  the  rife  of  temperature  is  produced 
44  by  this  accumulation  of  the  two 
44  quantities  of  heat  in  the  fame 
44  fpace.”  The  contrary  happens 
when  you  brifldy  exhauft  the  receiver; 
and  this  fécond  faét  confirms  the  ex* 
planation  of  the  former.  I have  alfo 
varied  this  experiment,  by  inferting 
the  bulb  of  a thermometer  in  the  ex- 
tremity of  a condenfing  pump  ; when, 
on  forcing  brilkly  the  fucker,  you 
condenfe  the  air  at  the  extremity  of 
the  cylinder  in  which  your  thermome- 
ter is  lodged,  you  will  fee  it  inftantly 
rife  about  two  degrees. 


§17.  The 


Seems  to 
prove  that 
fire  is 
matter. 
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§ 17.  The  fame  experiment  feems 
to  prove  that  fire  is  matter,  and  not  a 
fimple  movement  ; becaufe  the  ther- 
mometer, at  firft  cooled  by  the  ex- 
hauftion,  afcends  again  in  the  vacuum 
to  the  precife  temperature  of  the  am- 
bient air  : if  it  fhould  not  be  objected, 
that  there  ftill  remains  fufficient  mat- 
ter'in  the  mofi  perfect  vacuum  our 
machines  can  produce,  fo  occafion, 
not  only  heat  by  vibration  in  this  mat- 
ter, but  alfo  a degree  of  heat  exadtly 
equal  to  that  which  is  obferved  in  the 
air  and  other  furrounding  bodies. 


Whereas,  by  fuppofing  fire  a fimple, 
very  fubtil  elaftic  fluid,  which  cannot 
traverfe  the  glafs  without  difficulty, 
the  fact  is  more  happily  explained, 
what  has  § 1 8.  Some  authors  have  attempted 
ftooYbyei"to  explain  the  different  fpecific  heat  of 
tyC of3 he«"  various  fubftances,  by  making  it  de- 
pend 
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pend  on  what  is  called  their  capacity 
of  heat,  or  their  faculty  of  containing 
fire  in  fuch  a manner,  that  it  may  be 
(to  ufe  a familiar  exprefiion)  more  or 
lefs  at  its  eafe,  in  their  various  ftruc- 
tures,  and  may  accumulate  thefe  in 
greater  or  lefs  real  quantities,  notwith- 
fta  tiding  it  may  exert  only  the  fame 
tenfion.  This  exprefiion  may  be 
convenient,  but  it  appears  to  me  not 
very  exaét,  becaufe  the  only  idea  it 
offers  is  bulk , which  has  been  exprefily 
banifhed  in  the  confideration  of  fpeci- 
fic  heatSi 

§ 19.  It  appears  to  me,  that  by  at* The  term 
tributing  the  différence  of  fpecificwoui/per- 
heat,  not  to  different  imaginary  capa- ^ ^iu„ 
cities,  but  to  the  affinity,  or,  to  fpeakblc’ 
more  properly,  to  the  lefs  repugnance 
of  different  fubftances  for  fire  in  a 

ftate 
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ilate  of  liberty,  we  fhould  approach 
nearer  to  a true  explanation,  and  we 
ihould  arrange  this  clafs  of  fads  un- 
der the  fame  laws,  which  phyfics  and 
chemiftry  force  us  elfewhere  to  ac- 
knowledge. 

It  is  eafily  conceived  that  this  af- 
finity of  bodies  with  liberated  fire, 
ought  to  retain  it  more  or  lefs  effica- 
cioufly  in  the  bodies  it  penetrates  ; and 
as  the  tenfion  it  will  exert,  can  only 
be  the  excefs  of  its  natural  expanfive 
force,  over  the  attradive  force  of  the 
molecules  of  the  fubftance  it  has  pe- 
netrated, the  fpecific  heat  of  differ- 
ent bodies  at  an  equal  tenfion,  or  in 
other  words,  at  an  equal  tempera- 
ture, will  be  in  a dired  ratio  of  their 
forces  for  retaining  liberated  fire,  or 
of  their  affinities  with  heat. 

§ 20.  I have 
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& 20.  I have  faid,  § 12,  that  the  Means  at 

* leparating 

permeability  of  bodies,  or  their  faculty  the pemca- 
of  conducing  heat  was  difficultly  fepa-  th e/pedfi; 
rable  from  their  fpecific  heat.  There 
is,  however,  one  means  of  e dedica- 
ting it  by  experiment. 

If  all  bodies  were  equally  permea- 
ble to  heat,  the  J paces  of  time  em- 
ployed to  raife  different  bodies,  of 
equal  maffes,  to  a certain  temperature 
by  the  fame  calorific  caufe,  ought  to 
follow  a certain  law,  relative  to  the 
quantity  of  heat,  which  has  produ- 
ced this  temperature,  or  to  the  fpeci- 
fic heat  itfelf.  Hence,  the  compari- 
fon  of  the  fpecific  heat  of  various  bo- 
dies with  the  time  required  to  raife, 
by  the  fame  calorific  caufe,  thefe  va- 
rious bodies,  of  equal  maffes,  to  the 
fame  temperature,  would  give,  I think, 
when  this  law  fhould  have  been  once 
D previously 
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previously  eftablifhéd,  the  eXprefliôn 
of  permeability  difengaged  from  that- 
of  fpecific  heat.  I do  not  believe 
that  any  experiments  have  yet  been 
made  with  this  intent. 

Third  point  § 2i.  Considering  fire  as  the  foie 
hunt  heat.  agent  an  the  two  metamorphofes,  in 
which  Solids  are  transformed  into  li- 
quids, and  liquids  into  elaftic  fluids, 
it  prefents  itfeif  here  under  a third 
point  of  view,  analogous  to  the  pre- 
ceding ; but  from  which,  however,  it 
ought  to  be  diflinguilhed. 

The  fame  fubftance,  according  as 
it  happens  to  be  in  any  one  of  thefe 
three  ftates,  not  only  pofiefles  a dif- 
ferent fpecific  heat,  but  modifies, 
even  in  the  adl  of  palling  from  one  to 
the  other,  the  matter  of  fire  in  a very 
particular  manner.  We  owe  this  dif- 
cavery  to  the  immortal  Black,  who 

has 
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has  named  it  latent  heat.  The  Sàiple 
expofition  of  the  phenomena  will  ren- 
der this  idea  clear. 

Let  us,  for  example,  fuppofe  a r*Pofihon 
piece  of  ice,  cooled  until  a thermo-  too  men  on. 
meter,  placed  within  if,  hands  at 
10  deg.  below  freezing  point*.,  then 
expofe  this  ice  to  a confiant  emanation 
of  heat  which  arrives  by  very  equal 
degrees.  The  thermometer  placed  in . 
the  ice,  will  rife  uniformly  from  to; 
deg.  to  freezing  point,  and  will  there, 
hop,  although  the  calorific  emana- 
tion continue  the  fame,  and  ought, 
apparently,  .to  continue  to  raife  the 
temperature  as  before.  This  current, 
of,  heat,  which  arrivés  unceafïngiy, 
and  by  equal  degrees  at  the  ice,  is 
v : • 

V .....  ...  ...... 

I always  mean  the  ordinary  fca le  of  So 
decrees,  unlefs  X/e^pyeffly  mention  another. 

B 2 therefore 
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therefore  no  longer  fenfible  to  the 
thermometer,  as  foon  as  it  has  been 
thereby  raifed  to  freezing  point;  its 
effeét  is  limited  to  making  the  ice 
change  its Jlate,  in  converting  it  into 
water,  and  during  the  whole  courfe 
of  this  transformation,  the  thermome- 
ter remains  flat  ionary  at  zero. 

The  fire  lofes,  therefore,  in  this 
inftance,  its  faculty  of  heating;  yet 
the  quantity  employed,  and  appa- 
rently deftroyed,  in  this  transforma- 
tion, is  fo  confiderable,  that  if  a ther- 
mometer had  been  placed  in  a fimilar 
quantity  of  liquid  water , at  zero,  in- 
fiead  of  folid  water  at  that  tempera- 
ture, it  would  have  been  raifed  in  the 
fame  time,  and  by  means  of  the  fame 
heat  which  was  employed  to  melt  the 
ice,  to  near  the  60  degree. 


As 
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As  Toon  as  the  fufion  is  completed, 
fuppofing  the  fame  calorific  emana- 
tion to  continue,  the  thermometer, 
now  actually  in  water,  will  admit 
the  degrees  of  heat  as  they  arrive; 
it  will  rife  fucceffively,  though  fome- 
what  more  flowly  than  before,  when 
the  ice  began  to  melt.  This 
difference  is  owing  to  the  fpecific 
heat  of  water,  which  is  a little  greater 
than  that  of  ice. 

The  thermometer  continues  to  rife 
until  at  length  it  arrives  at  the  point 
of  ebullition,  and  there  the  fame  phe- 
nomenon re-appears.  Notwithftand- 
ing  the  continuation  of  the  calorific 
emanation,  the  thermometer  remains 
ftationary  at  8o°,  but  the*  water  ftôw 
changes  its  jiate.  It  is  transformed 
into  an  elajlic  fimd , and  the  portion  of 
fire,  which  by  its  momentary  union 
' D 3 with 
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with  me  water,  effected  this  metamor- 
phofis,  lofes  its  thermometric  faculty. 
The  fame  thing  happens  here  that  we 
have  obferved  in  the  preceding  cafe, 
and  an  exadt  equilibrium  is  eftablifhed 
between  the  afflux  of  additional  fire, 
and  its  efflux  in  the  converfion  of  wa- 
ter into  an  elaftic  vapour. 

This  heat,  thus  modified  by  the 
particular  flate  of  aggregation  in  the 
molecules  of  the  fame  fubftance,  in 
thefe  different  fiâtes,  has  been  named 
latent  heat.  It  is  truly  latent  or  hidden, 
for  it  re -appears  entirely,  and  becomes, 
again  free  caloric,  if  we  reverfe  thefe 
changes;  that  is,  if  we  convert  the 
elaftic  fluid  into  aJiquid,  and  the  li- 
quid into  a folid. 

is  §;  22v  Some  philofcphers  of  the  firft 
diflindlibn  have  confiderèd  fire  under 
this  point  of  view,  as  being  chenri- 

raB-a.  --  U cally 


( 39  ) 

catty  united  with'  the  integral  parts 
of  the  aggregates  1 cannot  adopt 
this  opinion.  One  ought  not,  I think, 
to  call  any  union  chemical,  except 
•that  which  cannot  be  diflolved,  but 
by  the  action  of  chemical  affinities. 
Now,  in  this  inftance,  the  fire  has 
not  at  all  loft  that  tendency  to  equili- 
brium or  expanjivenefs,  which  charac- 
terizes it  as  fire  in  a ftate  of  liberty. 
The  union  it  contrats  is  fo  flight, 
[that  the  neighbourhood  of  a cold  body 
is  fufficient  to  deftroy  it.  It  lofes,  it 
is  true,  its  thermometric  and  calorific 
effedt,  beeaufe  all  its  effort,  all  its 
mfuS)  if  I may  be  allowed  the  ex- 
pedition, is-  employed,  is  fpent  in 

* DeSaufliire,  Effais  fur  l’Hygrom.  § 1 88. 
De  Luc  Idées  fur  la  Météorologie.  T.  I. 
§ 213  and  250. 
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maintaining  the  new  modification, 
viz.  liquidity  or  elafiicity,  which  it  has 
produced,  and  in  relifting  the  affinity 
of  cohefion,  between  the  integral 
molecules  of  the  fubftance  with 
which  it  was  for  a moment  united, 
and  to  which  it  has  now  given  a 
new  Hate.  The  whole  quantity 
neceffary  to  produce  this  effecft,  be- 
comes null  for  every  other  purpofe, 
as  long  as  this  new  modification  exifts. 
As  water,  which  wets  and  dillends  a 
fponge,  feems  to  have  loft  thofe  pro- 
perties which  depend  upon  the  aclion 
of  gravity;  it  no  longer  defcends,  it 
no  longer  feeks  its  level  ; yet  it  is  not 
chemically  combined,  for  the  leaft 
preffion  difengages  the  liquid  which  is 
retained  by  mere  phyfical  or  cohejive 
affinity  ; fo  we  obferve  a fimilar  com- 
bination in  all  the  modifications  of 

fire, 
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fire,  we  have  hitherto  con  fidered,  and 
we  fee  it  iffue  from  air  compreffed  by 
a condenfing  pump,  in  the  experi- 
ment cited  § 1 6,  precifely  in  the 
fame  manner,  as  water  iffues  from  a 
fponge. 

§ 23.  This  ftate  of  fire  appears  to  It  might  b£ 
me  fo  much  characterized  by  that  of  the  heat  of 
the  fubftance  which  it  modifies,  that  ^tltafora- 
I would  willingly  call  the  portion  of  tlln' 
fire  employed,  as  we  have  juft  feen, 
in  forming  liquids  and  elaftic  va- 
pours, the  heat  of  liquidity  and  the 
heat  of  evaporation,  for  the  fame  rea- 
fon  that  we  call  the  water  effential  to 
a fiabftance  in  a cryftalline  ftate,  the 
water  of  cryfiallization  ; and  I thus, 
feparate  it.  entirely  from  the  idea  of 
fpecific  heat,  with  which  it  has  been 
often  confounded. 

§ 24.  Laftly* 
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4ih.  Modi-  § 24.  Laftly,  fire,  without  dotibe, 
»sa'P/d-eexifts  .intimately  and  chemicallycom- 
fH«cTfiTeT' ' bined 'in  bodies,  and  forms  one  of 
their  conflituent  principles.  In  this 
café,  it  has  not  only  loft  all  thermo- 
metric  and  calorific  faculty,  hut  alfo 
that  tendency  to  equilibrium,  which 
it  has  preferred  in  all  the  foregoing 
modifications  ; and  it  is  fo  firmly  con- 
nected by  the  ties  of  chemical  affinity, 
that  no  refrigeration  can  difengage  its 
elafticity.  It  exifts  in  this  ftate,  for 
example,  independent  of  fpecific  heat, 
in  acids,  in  permanent  aeriform  fluids, 
which  all  appear  to  owe  to  it  their 
elafticity  ; and  it  is  only  at  the  mo- 
ment, when  thefe  bodies  are  decom- 
pofed  by  the  effedt  of  elective  affini- 
ties, in  order  to  give  place  to  new 
combinations,  that  this  fire  is  liberated 
from  thofe  ties,  that  it  fprings  with 
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Jts  natural  energyy  regains  a tendency  t ai., 
to  equilibrium,  and  becomes  heat. 

But'  this  heat  rarely  Ih'ews  itfélf  en-  .T' 
tirely  ; in  general  it  partly  enters 
new  combinations  which  conceal  it  ; 
it  becomes  heat  of  liquidity*,  of  evapo- 
ration, and  thus  efcapes  our  fenfes. 

But  there  are,  however,  few  chemical 
mixtures,  accompanied  by  decom po- 
rtion and  new  combinations,  in  which 
the  temperature  is  not  changed,  and 
in  which  there  is  not  confequently 
a difengagement  and  abforption  of 
! fire. 

§ 25.  Two  circumftances  occur  in 
thefe  mixtures:  in  one,  only  & new sa£ed from 
arrangement  of  the  integral  parts  of withom  ha- 

0 1 . ving  been, 

the  iubuances  mixt,  takes  place,  which on  that  ac- 
occafions  the  expulfion,  or  introduc-  truly  ’ 

i r • « r 1 • combined, 

tion  or  a certain  quantity  or  heat  ; in 
the  other,  there  is  a true,  decompofi- 

lion 
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non  or  new  arrangement  of  the  con- 
fiituent  parts.  Thus,  in  the  mixture 
of  fpirit  of  wine  and  water,  for  exam- 
ple, or  of  water  and  vitriolic  acid, 
there  is  a reciprocal  penetration  of  the 
two  liquids,  without  decompofition  of 
either,  and  an  expulfion  of  a part  of 
their  fire  is  obferved,  which  becomes 
fenfible  heat.  The  mixture  of  water 
with  quick  lime  is  of  the  fame  kind  ; 
there  is  no  decompofition,  as  I think, 
but  there  is  certainly  a new  arrange- 
ment of  the  integral  parts  ; and  the 
confiderable  heat  difengaged  in  this 
mixture,  may  as  well  be  attributed  to 
the  heat  of  liquidity  in  the  water, 
which  it  lofes  in  paffing  to  a ftate,  in 
feme  meafure,  of  folidity  in  the  lime, 
as  to  the  fire  combined  with  the  lime 
during  calcination,  and  which  is  di£- 
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engaged  by  the  greater  affinity  of  the 
water  with  lime.  Laftly,  the  mixture 
of  ice  and  fait,  which  decompofes 
neither,  but  which  produces  a remark- 
able degree  of  cold,  affords  us  an  ex- 
ample of  the  abforption  of  heat  ; be- 
caufe  this  mixture  paffing  to  a ftate 
of  liquidity,  and  not  having  in  itfelf 
a fufficient  quantity  of  fire  to  furnifh 
its  new  form,  it  fuddenly  exhaufts  the 
bodies,  which  furround  it,  of  their 
fire. 

In  all  thefe  cafes,  we  have  been 
fpeaking  of  fire  phyfically,  and  by 
no  means  chemically  combined.  There 
is  no  difplay  of  affinities,  except  be- 
tween the  integral  parts  of  bodies, 
and  fo  long  as  the  confiituent  parts  are 
unconcerned,  there  is  no  chemical  af- 
: finity  in  action. 


§ 26.  In 


At  other 
times  with 
decompofi 
tion  of  the 
fub  (lances 
mixt. 


This  is 
what  hap- 
pens in 
combus- 
tions. 


( 4$  ) 

'§  26.  In  the  other  cafe,  the  mix- 
ture is  accompanied  with  true  decom- 
pofition,  as,  for  example,  when  we 
pour  concentrated  mineral  acids  upon 
oils  ; and  as  the  fubftances,  in  this 
example,  are  fcarcely  evaporable, 
there  is  only  a very  fmall  portion  of  . 
fire  difengaged,  which  undergoes, 
new  connections,  and  the  fenfible 
heat  refulting  from  the  mixture  is 
fufficient  to  afeertain  the  fudden  in- 
flammation of  the  oil. 

§ 27.  Combuftion,  this  fo  common 
arid  abundant  fource  of  heat,  is  only 
a chemical  decompofition,  in  which  a 
part  of  the  atmofpheric  air  lofes  the 
fire  .that  entered  its  compolidon  as  an 
elaftic  fluid.  This  fire  having  ac- 
quired a,  ftate  of  liberty,  diffufes  itfelt 
around  the  burning  fubftances  ; a part 
enters  into  new  combinations  with  the 
ridirmovd  aeriform 
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aeïifomi  or  folid  produds  of  the  com-' 
bullion,  and  thé  reft  diffipates  itfelf  as' 
fenfible  heat. 

§ 28.  Finally,  one  might  believe 
that  combined  fire  is  fometimes  difen- 
gaged  by  a kind  of  mechanical  decom* 
pofition  of  the  bodies  in  which  it  is 
contained. 

One  might  be  tempted  to  attribute 
to  this  mechanical  decompofition, 
thofe  cafes  in  which  heat  is  excited 
or  developed  by  violent  percuffion  or 
fridion.  In  particular,  I was  not  far 
from  imputing  the  heat,  difengaged 
by  the  ordinary  method  of  ftriking 
fire  with  a flint  and  fteel,  in  a great 
meafure,  to  the  mechanical  decompo* 
fition  of  the  ambient  air,  refulting 
from  the  violent  contufion  it  under- 
goes between  two  hard  fui  faces,  which 
fir  ike  together  in  a manner  the  moft 

favourable 
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favourable  to  effectuate  this  purpofe. 

I founded  my  conjecture  upon  the 
following  circumftance  : having  often 
obferved,  with  a microfcope,  the  frag- 
ments detached  from  the  hammer  of  a 
piftol,  I had  repeatedly  flapped  in  a 
vacuum,  I had  never  found  them  in 
melted  globules,  like  thofe  obtained, 
by  the  fame  means,  in  the  atmofpheric 
air,  but  always  in  fimple  metallic  rib- 
bands, painted  with  the  colours  of  the 
rainbow.  It  will  be  feen  hereafter,  that 
more  direCt  experiments  have  con- 
vinced me  of  my  error.  I (ball  there- 
fore range  fire,  difengaged  by  friction 
or  percuffion,  in  the  clafs  of  the  mo- 
difications of  this  element  purely  phy- 
sical, as  may  be  feen  Chap.  IX. 

Fire,  under  the  fourth  point  of 
view,  of  which  I have  juft  given  a 
Sketch,  may  be  called  ccnjlituent  fire, 

combined 
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combined  fire,  elementary  fire,  and  it 
has  often  been  confounded  with  latent 
heat . 

§ 29.  Although  liberated  fire,  or 
fire  in  a ftate  of  liberty,  has  been  the 
chief  objedt  of  my  experiments,  yet 
as  the  other  modifications,  I have  juft 
now  fpecified,  are  likewife  interefted 
in  them  to  a certain  degree,  I thought, 
that  at  a moment,  when  ideas  are  ftill 
unfettled  on  this  capital  fubjedt,  an 
endeavour  to  clafs  the  principal  fadts 
under  a fmall  number  of  heads,  and 
to  prefent,  in  the  cleared  and  moft 
concife  manner  poffible,  the  charac- 
ters of  the  different  modifications  of 
fire,  would  not  be  unacceptable. 
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CHAPTER  II. 

Fire  and  Fight  have  fome  analogy 
Propagation  of  Fire  in  an  hori- 
zontal Plane — Reafonsfor  fuppo- 
fmg  in  it  a tendency  upwards — 
Apparatus  for  verifying  it  by  Ex- 
periment, Confrmation  of  this 
Suppoftion 


§ 30.  FlRE,  in  a ftate  of  liberty, 
has  fome  analogy  with  light,  and  dif- 
fers from  it  in  many  refpe&s.  Some- 
times they  appear  together,  but  we 
often  fee  a ftrong  light  without  heat  ; 
for  example,  the  rays  of  the  moon 
collected  at  the  focus  of  a concave 
mirror.  At  other  times  we  have  a 

ftrong 
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ftrong  heat  without  light.  It  is  true, 
that  every  time  heat  arrives  at  a cer- 
tain degree  of  intenfity,  it  is  accom- 
panied with  light  : but  it  may  be  faid, 
that  this  light  is  only  a fimple  diffufion 
of  that  which  appears  in  the  aft  of 
combuftion,  without  which  a great 
intenfity  of  heat  cannot  be  produced, 
unlefs  in  the  cafe  where  the  optic 
focus  gives  heat  without  combuftion  ; 
but  then  it  gives,  at  the  fame  time,  a 
very  ftrong  light. 

What,  in  the  aftual  ftate  of  our 
knowledge,  we  are  able  to  advance  as 
moft  probable,  is,  that  light  and  fire 
are  to  each  other,  as  a whole  to  a part  : 
fire  may  be  one  of  the  components  of 
light,  or  light  one  of  the  conftituent 
parts  of  fire,  as  the  celebrated  philo- 
fopher,  already  quoted,  believes*. 

* De  Luc,  Idées  fur  la  Météorologie. 
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But  thefe  fyftematic  difcuflions  would 
detain  us  too  long  from  our  fubjedt. 

§ 31.  Fire,  difengaged  by  any  of 
the  caufes  we  have  touched  upon  in 
the  preceding  chapter,  is  propagated 
by  radiation  from  the  focus  where  it 
was  produced.  This  fadt  may  be  ex- 
plained equally  well,  by  fuppofing  a 
real  emanation  from  the  focus,  or 
iimple  vibrations  excited  at  this  focus, 
in  the  igneous  fluid,  confidered  as 
elaftic,  and  filling  fpace  by  the  fame 
laws  as  fonorous  waves.  But  the  idea 
of  a real  radiating  emanation  offering 
fomething  more  clear  to  the  under- 
llanding,  I prefer  this  expreffion. 

It  was  natural  to  fuppofe  that  this 
emanation,  like  all  others,  which 
tend  from  the  center  to  the  circum- 
ference of  a fphere,  fhould  diminifh 
in  intenfity  on  a given  furface,  in  the 

inverted 
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inverted  ratio  of  the  fquares  of  the 
diftance.  The  celebrated  chemift, 
Lambert,  however,  has  confirmed 
this  opinion  by  experiment.  He  dif- 
pofed  horizontally,  at  different  dif- 
tances  from  the  fame  central  fire  of 
charcoal,  feveral  thermometers,  and 
took  every  neceffary  precaution  to 
render  the  experiment  exaft  ; and  he 
obferved,  that  their  refpeclive  afcen- 
fions  were  in  the  inverfe  proportion 
of  their  diftances  from  the  fire. 

It  is  clear,  that  this  law  can  only  have 
place  in  an  horizontal  plane  through 
the  air  ; for  the  prefence  of  fire  di- 
lating this  fluid,  and  rendering  it 
fpecifically  lighter,  it  mounts  in  pro- 
portion as  it  heats,  and  carries  up- 
wards with  it  the  fire,  which  dilates 
it  ; but  this  effeft  being  the  fame  at 
equal  horizontal  diftances,  it  makes 
E 3 no 
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no  alteration,  as  to  the  refult  of  the 
experiment,  in  this  direction. 

Was  not  fire  § 3 2.  But  does  this  emanation  really 
tendency  radiate  in  every  direction  with  equal 
upwards  > fac]jj(-y  ? And  fuppofing  it  to  move 

indifferently  towards  every  region  of 
an  horizontal  plane,  may  it  not,  at 
the  fame  time,  have  a greater  ten- 
dency to  mount,  than  to  defcend  ? 
This  queftion  appeared  to  me,  in  all 
refpedts,  worthy  of  fome  experimental 
inquiries.  Modern  and  exaét  experi- 
ments concerning  the  apparent  light- 
nefs  of  water  in  a ftate  of  liquidity, 
compared  with  water  in  a ftate  of  fo- 
lidity,  might  have  made  us  fufpedt  an 
antigravitating  tendency  in  fire,  and 
thefe  conjectures  appeared  to  merit 
confirmation  or  refutation. 

For  this  purpofe  it  was  neceflary  to 
operate  in  vacuo  with  a convenient 

apparatus  j 
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apparatus  ; for  we  have  juft  {hewn, 
that  nothing  could  be  proved  by  ex- 
periments of  this  kind  made  in  air. 

The  following  appeared  to  me  to  pof- 
fefs  every  requifite,  and  I have  em- 
ployed it  with  fuccefs. 

§ 33.  It  is  a tube  < 
two  inches  in  diameter, 
in  length,  containing  a cylindrical  périment** 
bar  of  copper,  4 lines  in  diameter,  and 
33  inches  long,  fupported  in  the  axis 
of  the  tube  by  wires  properly  adapted 
for  that  purpofe,  and  placed  at  equal  • 
diftances  from  its  centre.  The  two 
extremities  of  the  bar  are  hollowed 
into  hemifpheres,  to  receive  the  bulbs 
of  two  very  fenfible  mercurial  ther- 
mometers; and  the  tube  is  adapted 
to  an  air  pump  by  one  of  its  extremi- 
ties, and  the  vacuum  being  made,  the 
return  of  air  is  prevented  by  a cock, 

E 4 perfectly 
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perfectly  air  tight,  with  which  it  is 
furnifhed. 

It  is  then  fufpended  by  its  extremi- 
ties in  a wooden  frame,  which  is  fur- 
rounded  by  a thick  pafteboard,  de- 
figned  to  defend  the  tube  from  the 
immediate  rays  of  the  fun,  except  in 
the  middle  of  its  length,  where  the 
pafteboard  is  interrupted  for  about 
two  inches,  to  give  paflage  to  the 
cone  of  rays,  proceeding  from  a lens 
of  a foot  diameter,  and  1 9 inches  fo- 
cus, made  by  the  famous  Parker  of 
London. 

From  this  dilpofition  it  is  evident 
that  the  aâion  of  the  lens  on  the  mid- 
dle of  the  bar  will  heat  it  ; that  this 
heat  will  be  propagated  along  it,  and 
will  proceed  from  the  centre  to  the  ex- 
tremities. If,  therefore,  the  fire 
ftiQuld  mount  more  readily  than  de- 

fcend* 
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fcend,  the  fuperior  thermometer  will 
be  fooner  heated,  will  rife  higher, 
and,  ceteris  paribus , will  cool  ' more 
flowly  than  the  other. 

I expofed  the  apparatus,  during 
half  an  hour,  to  the  general  influence 
of  the  folar  rays  upon  the  pafteboard, 
and  upon  the  fmall  portion  of  the 
tube  left  naked,  before  I began  the 
experiment,  in  order  to  difengage  the 
refult  of  the  particular  influence  I 
fought  to  difcover  from  this  general 
effeft. 

I operated  in  the  Obfervatory  at 
Geneva,  a large  lofty  room,  where 
no  accidental  heat  could  modify  the 
refult.  I was  affifted  in  thefe  experi- 
ments by  two  learned  philofophers, 
who  honour  me  with  their  friendlhip, 
viz.  Count  Andreani,  Who  was  then 
at  Geneva,  and  Mr.  Senebier.  One 

of 
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of  us  was  polled  near  the  fuperior, 
another  near  the  inferior  thermometer, 
and  a third  was  employed  in  directing 
and  preferring  the  focus  of  the  lens 
exactly  upon  the  middle  of  the  bar. 
And  we  noted  the  minute  and  fécond, 
in  which  the  mercury  reached  each 
divifion  of  the  two  thermometers. 

§ 34.  In  the  firft  experiment,  a 
table  cf  which  follows,  the  tube  had 
been  exhaufled  the  evening  before, 
until  the  mercury,  in  the  gage  of  the 
air  pump,  flood  at  four  lines  ; and  I 
feduloully  preferved  this  degree  of 
rarefaction  in  all  the  following  expe- 
riments. A momentary  imperfection 
in  my  air  pump,  did  not  allow  me 
to  render  the  vacuum  more  perfeCt. 
Previous  to  the  experiment,  I tried  if 
any  air  had  entered,  and  found  the 
vacuum  unaltered.  The  tube  was 

placed 
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placed  vertically,  the  cock  below,  and 
the  obfervations  contained  in  the  Ta- 
ble, No.  I.,  give  the  refuit  of  this. 
experiment.  The  firft  column  to  the 
left  indicates  the  minutes  and  féconds 
in  which  the  mercury  of  the  fuperior 
thermometer  reached  the  degrees  in- 
dicated in  the  fécond  column.  The 
third  gives  the  arrival  of  the  mercury 
of  the  inferior  thermometer  at  the 
fame  degrees,  and  the  fourth  column 
indicates  the  difference  of  time  in 
which  the  inferior  thermometer  ar- 
id ved  fooner  or  later  than  the  fuperior 
thermometer  at  the  fame  degrees  of 
elevation.  The  lign  — placed  op- 
pofite  each  number  in  the  column  of 
differences,  fhews  that  the  inferior 
thermometer  arrived  later,  and  the 
fign  + that  it  arrived  fooner  than  the 
fuperior  at  the  fame  degree. 
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§ 35.  On  the  infpedtion  of  this  table, lfî-  RefuI 
we  fee,  that  the  fuperior  thermometer 
has  made  a more  accelerated  progrefs 
than  the  inferior,  which  gradually  in- 
creafed,  fo  that  in  the  fame  interval 
of  time,  viz.  in  38',  45",  the  dura- 
tion of  this  experiment,  the  former 
rofe  31  degrees,  whereas  the  latter 
was  only  raifed  28°  by  the  fame  ca- 
lorific caufe,  afting  at  an  equal  dif- 
tance  from  each. 

If  we  call  our  eyes  upon  the  column 
of  differences,  we  fee,  that  they  aug- 
ment gradually,  although  their  pro- 
grefs be  irregular.  I impute  this  ir- 
regularity partly  to  the  inaccuracy  of 
the  divifion  of  the  inftruments,  and 
partly  to  the  difficulties  attending  ob- 
fervations  of  this  kind,  without  affirm- 
ing, however,  that  there  might  not 
be  fome  other  caufes.  Be  that  as  it 

may. 
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may,  the  mearx  difference,  excluding 
the  L:ft  as  neceffarily  inexadfc,  on  ac- 
count of  the  flow  movement  of  the 
mercury  in  the  neighbourhood  of  the 
extremes,  is  found  to  be  101  fee.,  by 
which  the  inferior  thermometer  arrived 
at  the  fame  degree  of  elevation  later 
than  the  fuperior.  A very  confidera- 
ble  difference,  and  which  furpaffes 
what  I durft  have  previoufly  fuppofed. 

However,  we  fhall  prefently  fee 
that  this  was  not  entirely  owing  to  the 
influence  I endeavoured  to  afeertain. 

§ 36.  I fuppreffed  the  adtion  of 
the  lens  at  the  moment  the  lafl  obfer- 
vation  of  the  foregoing  table  was 
made,  and  obferved  the  progrefs  of 
refrigeration,  which  is  fufficiently  re- 
markable. 
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4.  2.  15. 

3.  0. 

38,  0. 

3.  15. 

4.  20. 

57>  0. 

4-  39* 

It  is  worthy  of  remark,  that  the 
two  thermometers  continued  to  rife, 
although  the  heating  caufe  had  ceafed 
to  aft  upon  the  middle  of  the  rod  ; 
and  that  at  this  temperature,  the  ther- 
mometers loft  about  one  degree  in 
50  fee.  by  the  fimple  effeft  of  refrige- 
ration. Hence  it  appears  probable, 
that  at  this  epoch,  the  mafs  of  fire 
! accumulated  in  the  bat  of  metal,  and 
which  tended  to  abandon  the  different 
parts  of  it  according  to  a certain  law, 

entered. 
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entered  the  thermometers  more  abun- 
dantly than  it  quitted  them  by  the 
effect  of  refrigeration.  The  fuperior 
thermometer  rofe  o,8  and  the  in- 
ferior o,6  after  the  fuppreffion  of 
the  lens.  We  lhall  hereafter  find  ob- 
fervations  of  the  fame  kind,  and 
fimilar  refults. 

ana  expert.  § 37*  My  firfl  experiment  gave  me 
only  prelumptions  in  favour  or  an 
afcenfive  movement  natural  to  fire.  It 
was  neceffary  to  repeat  it  with  the 
tube  in  an  inverted  pofition,  fo  that 
the  thermometer,  which  had  been  fu- 
perior in  the  firft  experiment,  fhould 
be  inferior  in  the  fécond  ; by  which 
difpofition  it  is  evident,  that  the  ad- 
vantages which  one  of  the  inflruments 
might  have  had  over  the  other  in  the 
former  cafe,  whether  by  a more  per- 
fed  contad  between  its  bulb  and  the 

bar, 
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bar,  or  by  a greater  degree  of  fenfi- 
bility,  would  be  retained  by  it  in 
the  invcrfe  fituation,  except,  indeed, 
thofe  which  depended  only  on  its 
being  fiatated  above  the  other;  and 
the  influence  of  this  pofition  forms 
the  objedt  of  my  inquiries. 

The  experiment  was  repeated, 
i therefore,  the  following  day,  at  the 
fame  hour,  with  fimilar  precautions, 
and  with  th.e  addition  of  two  other 
; thermometers , placed  on  the  outfide 
.of  the  glafs  .rube,  near  the  extremi- 
ties, to  fee  if  the  exterior  difference 
of  temperature  from  below,  upwards, 
would  be  confid  erable.  The  vacuum 
was  the  fame  as  i in  the  evening  before, 
and  the  cock  per  fedtly  air  tight. 
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: — §v  38.  Gn  infpeding  the  column  of 
differences,  between  the  two  thermo- ‘he  former, 
meters  in  this  experiment,  we  fee, 
that  they  are  in  the  oppofite  fenfe,  viz. 
the  inferior  thermometer  arrived  at  the 
fame  degrees  fooner  than  the  fuperior; 
but  the  abfolute  quantity  of  this  diffe- 
rence is  much  lefs.  The  mean  quan- 
tity by  which  the  inferior  thermometer 
marked  the  prefence  of  the  fame  de- 
gree of  heat  fooner  than  the  fuperior, 
amounts  only  to  47  fee.  ; whereas,  in 
the  former  experiment,  this  mean 
quantity  amounted  to  101  fee.  If, 
therefore,  we  fubtraft  the  fmaller 
number  from  the  greater,  we  fhall  de* 
flroy  thereby  the  individual  influence 
of  the  thermometers,  and  the  remain- 
der 54  fee.  will  reprefent  the  refult  of 
their  refpedive  polirions,  or  the  mean 
quantity  by  which,  ceteris  paribus , the 
F a fuperior 
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fuperior  thermometer  indicated,  more 
quickly  than  the  other,  the  fame  de- 
grees of  elevation. 

It  may  be  rematked,  that  the  exte- 
rior thermometers  did  not  differ  con- 
fiderably  from  each  other,  although 
one  was  placed  at  the  upper,  the 
other  at  the  lower  end  of  the  tube  ; 
and  that  the  fun’s  heat  being  more 
feeble  in  the  fécond  experiment  than 
in  the  firft,  it  raifed  the  thermometer 
within  to  only  30  deg. 

§ 39.  A repetition  of  thefe  expe- 
riments being  neceffary,  it  was  my 
with,  before  I proceeded  upon  them, 
to  difcover  fome  mode  of  leffening, 
if  poffible,  the  effedt  produced  by 
the  more  or  lefs  perfedt  contact  of  the 
bulbs  of  the  thermometers  in  the  cavi- 
ties  they  occupied  at  each  extremity  of 

.the 
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the  rod.  For  this  purpofe  I enclofed 
both  ends  of  it,  and  confequently  the 
bulb  of  each  thermometer  in  a flip  of 
oiled  paper,  which  was  pafled  twice 
round  without  touching  the  thermo- 
meters. This  difpofition  (on  account 
of  the  flow  conducive  faculty  of  the 
oiled  paper)  was  calculated  to  retain 
around  the  bulb  a part  of  the  heat 
tranfmitted  along  the  bar,  and  per- 
haps to  diminifli  the  inequality  re- 
fulting  from  a lefs  perfect  contact. 

I introduced,  on  this  occafion,  two 
! additional  thermometers  into  the  tube, 
whofe  bulbs  were  placed  oppofite  the 
ends  of  the  bar,  at  the  diftance  of 
about  an  inch.  Thefe  thermometers 
were  obferved  from  time  to  time  du- 
ring the  courfe  of  the  experiment, 
and  I have  included  thefe  obferva- 
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tions  in  the  following  table.  The 
tube  was  exhaufted  to  the  fame  degree, 
as  in  the  preceding  experiments,  ills 
pofition  the  fame  as  in  the  firft,  that 
is,  the  cock  below,  and  we  proceedeid 
in  every  refpeâ:  as  before. 

| 
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Refuits  § 40.  W e have  here  an  experiment 

coi-fortn-  ^ . 

able  to  the  made  under  the  fame  circumltances 
expCeH-nS  as  the  firft,  and  it  offers  us  fimilar 
men  s'  confequences.  The  mean  of  23  ob- 
fervations,  omitting  the  laft  as  too 
near  the  extreme,  gives  93  fee.,  as  the 
quantity  by  which  the  inferior  thermo- 
meter marks  the  prefence  of  the  fame 
degree  of  heat  more  flowly  than  the 
fuperior. 

It  is  alfo  obfervable,  that  the  latter 
rofe  35  deg.  and  the  former  only 
33.°  in  the  fame  interval  of  time. 
The  difference  between  the  thermo- 
meters infulated  within  the  tube  was 
in  the  fame  direction,  the  fuperior 
being  conftantly  higher  than  the 
other,  at  every  correfpondent  epocha. 

It  is  remarkable,  that  being  fo  near 
the  ends  of  the  metallic  rod,  they 
Ihould  participate  fo  little  of  its  tem- 
perature ; 
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pcrature  ; for  they  differed  from  it  to- 
wards the  end  of  the  experiment, 
about  21  deg.  It  appears  that  the 
heat  communicated  itfelf,  with  diffi- 
culty, through  the  vacuum  of  the 
tube. 

§41.  In  this  experiment,  the  time,  Remark 
which  elapfed  after  the  removal  of  the  fi  i ms  them, 
lens,  until  the  moment  in  which  each 
thermometer  began,  fenfibly,  to  de- 
fcend,  was  obferved  with  particular  at- 
tention, and  this  interval,  as  is  feen  in 
the  table,  was  3 min.  for  the  inferior 
thermometer,  and  for  the  fuperior, 

3 min.  35  fee.  This  difference  is  in 
favqur  of,  and  tends  to  confirm  the  for- 
mer obfervations. 

At  the  beginning  of  the  experi- 
ment, we  endeavoured  to  afeertain 
the  lapfe  of  time  between  the  appli- 
cation of  the  focus  of  the  lens  to  the 

middle 
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middle  of  the  bar,  and  the  fir  ft  fign> 
of  motion  in  the  mercury  of  the  infe- 
rior thermometer.  This  interval  ap- 
peared to  be  i min.  45  fee. 

§ 42.  We  had  now  to  repeat  a 
fourth  time  the  fame  experiment,  but 
in  the  inverfe  pofition,  that  is,  with 
the  cock  uppermoft,  as  in  the  fécond 
experiment.  We  proceeded  with  the 
fame  precaution,  and  in  circumftances 
fimilar  to  thofe  of  the  aforegoing  ex- 
periments, and  it  offered  the  follow- 
ing refults. 
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0. 

14.  10. 

8. 

i,3-  58- 

4 

- 12. 

8,  6. 

i5.  0. 

9- 

»4-  5°- 

4 

• 10. 

7,  2. 

■ 

10. 

16. 35. 

11. 

l6.  20. 

4 

* *5- 

: L ' 

17.  20. 

12. 

16.  55. 

4 

- 25. 

1 

18.  5. 

13- 

8,  5 • 

18. 45. 

14. 

l8.  14. 

4 

“ 3i- 

*5- 

*8.  53. 

16. 

19.  30. 

20.  45. 

17- 

20.  10. 

+ 35- 

21.  25. 

18. 

20.  45. 

+ 4°* 

22.  2. 

19* 

21.  25. 

+ 37- 

* 

20. 

22.  2. 

8,  5* 

23-  3°* 

21. 

24.  18. 

22. 

23-  35- 

4-  43- 

24.  58. 

23- 

24.  25. 

+ 33- 

25-  43- 

24. 

2 5-  1 3 • 

+ 3°- 

10,  2. 

26.  40. 

25. 

25.  58. 

+ 42- 

27.  50. 

26. 

26.  52. 

- 

- 58. 

29.  0. 

27. 

28.  0. 

r 60. 

31.  0. 

28. 

29.  52. 

- 68. 

32.  55- 

29. 

31-  4°- 

“ 7 5- 

34-  30, 

30* 

33-  37- 

“ 53* 

12,  0. 

36.  30. 

31* 

35-  47- 

- 43* 

38.  10. 

32- 

37*  3°* 

- 40, 

40.  0. 

33- 

39.  28. 

- 32. 

41.  40. 

34- 

41.  15. 

- 25. 

43-  55* 

35- 

42.  38. 

- 77. 

49.  30. 

36. 

44.  15. 

- 295- 

12,  i« 

37- 

47.  0. 

49.  30. 

remove  the  lens 

The  mean  of  22  obfervations,  from  8Q 

to  35°?  omitting  the  laft,  - - - - 40" 
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Refuit  ana-  5 45,  We  fee  here  a prosrefiion 
ti.c  iormer.  fimilar  to  that  obferved  in  the  fécond 
experiment.  The  mean  of  22  obfer- 
vations,  from  8°.  to  350.  omitting 
the  laft,  as  too  near  the  extreme, 
gives  + 40  fee.  by  which  the  inferior 
thermometer  indicated  the  prefence  of 
the  fame  degree  of  fire  fooner  than 
the  fuperior  : if  we  fubtract  thefe 
4-  40//  from  — 931"  given  in  the  third 
experiment,  we  fhall  have  53"  as  the 
mean  quantity,  by  which  the  fuperior 
thermometer  would  have  exhibited  the 
fame  degree  of  heat  fooner  than  the 
inferior,  if  the  only  difference  between 
them  had  been  their  relative  pofition. 
This,  therefore,  is  the  immediate  ef- 
fect of  the  natural  afeenfive  tendency 
of  fire.  It  is  furprizing,  and  can 
only  be  the  effect  of  chance,  that 
this  conclufive  number,  the  compari- 

fon 
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Ton  of  the  mean  numbers  of  the  two 
laft  experiments,  fhould  differ  only 
one  fécond  from  the  mean  numbers 
given  by  the  comparifon  of  the  two 
former.  The  infulated  thermometers 
confirm  thefe  refults,  the  fuperior  ha- 
ving been  conftantly  higher  than  the 
other,  at  fimilar  periods  of  time.  In 
other  refpefts  their  progrefs  was  pretty 
conformable  to  that  obferved  in  the 
aforegoing  experiments. 

§ 44.  Finally,  the  obfervations  du-  confirmed 

. r . . . . , by  obferva- 

ring  the  refrigeration,  which  were  dons  du- 
' made  with  more  care,  and  carried  far-  gemion. 
ther  in  this  than  in  the  three  preceding 
experiments,  feem  likewife  to  (hew  an 
afcenfive  difpofition  in  the  fiery  ele- 
ment, as  may  be  concluded  from  the 
following  table. 


Cooling. 
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Cooling, 

Superior 

inferior 

infulated 

Sup.  therm. 

Degrees. 

Infer,  therm. 

Degrees. 

infulated 

Therm. 

• 

therm. 

h.  min.  fee. 

h.  min . fee. 

4.  50.  30. 

36,  2. 

4.  50.  30. 

37-  °- 

J3>  7* 

5i.  50. 

36,  2 

S 5-  38. 

36- 

54.  40. 

36,  0. 

57-  3°- 

35* 

56.  47. 

35- 

58.  30. 

34* 

1 3»  5- 

57.  58. 

34- 

59-  35* 

33* 

59.  16. 

33- 

4.  0.  35. 

32. 

4-  3v 

32. 

1.  46. 

S1* 

1.  46. 

31, 

2.  55. 

3°* 

i3>  °* 

2.  55. 

3°. 

4.  15. 

29. 

ii,  6. 

4.  5- 

29. 

5.  23. 

28, 

5.  20. 

28, 

6.  32. 

27- 

6.  42. 

27. 

7-  32* 

26. 

12,  4. 

8.  0. 

26. 

9.  2. 

25- 

11,  1. 

9.  28, 

2S- 

10.  20. 

24. 

10.  55. 

24. 

12.  20. 

23- 

12.  20. 

23- 

14.  10. 

22. 

f 

14.  10. 

22. 

lu  mm 

T ° - 
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§ 45*  The  examination  of  this  ta-  Remarks 
ble  affords  the  following  remarks  : 

• The  fuperior  thermometer  rofe  o°,z 
during  the  firft  minute  after  the  re- 
moval of  the  heating  caufe. 

The  fame  thermometer  remained 
afterwards  ftationary  during  80  fee. 
notwithftanding  the  c<pld  it  neceffarily 
fuftained,  and  which,  without  doubt, 
was  exactly  counter- balanced  by  the 
heat  it  received  from  the  bar.  Laftly, 
at  the  expiration  of  5 min.  it  was' 
defeended  only  o°,2  from  its  , point  of; 
departure. 

The;  inferior  thermometer,  on  the 
contrary,  was  at  370, 1 at  the  moment 
the-4erir" was  -removed.  It  did  not 
rife  : and  at  the  expiration  of  one 
minute  it  was  defeended  o°,i. 

In  6 min.  8 fee.  it  defeended 
i°,i  whereas  the  other  in  the  fame 

interval 
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interval  of  time,  to  judge  from  its 
progrefs,  would  not  have  defcended 

Finally,  in  22  min.  50  fee.  to 
reckon  from  the  common  point  of  de- 
parture, the  inferior  thermometer  de- 
fcended i4°,i  and  the  fuperior  i3°,2 
although  the  latter  having  rifen  higher, 
and  having  been  more  diftant  from 
the  point  of  equilibrium,  ought  to 
have  cooled  more  quickly  than  the 
other. 

§ 46.  It  appears  that  we  may  juftly 
conclude  from  thefe  fads,  which  ac- 
cord with  each  other,  that  fire  ac- 
tually moves  more  readily  from  below 
upwards,  than  in  the  oppofite  direc- 
tion, which  is  common  to  all  gravita- 
ting bodies  ; or  perhaps  that  it  is 
lighter  than  another  aerial  fluid,  in 
.which  it  fwims;  or  finally,  that  it  is 

eflentially 


! 
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effentially  light.  For  I cannot  pre- 
fume that  the  imperfection  of  the  va- 
cuum in  my  apparatus,  which  i have 
faid  wanted  4 lines,  or  TV  part  of  be- 
ing perfect,  could  explain  fuch  fignal 
difproportions.  To  have  afcertained 
the  faét,  I Ihould  have  repeated  thefe 
experiments  with  the  tube  full  of  air, 
and  have  feen  the  influence  of  this 
fluid  ; but  the  feafon,  already  far  ad- 
vanced, and  likewife  very  unfavoura- 
ble, would  not  permit  the  execution 
of  my  defign.  1 fhall  repeat  them 
affuredly,  and  I invite  philofophers  to 
endeavour  to  verify  this  important 
faft,  by  which  many  phenomena  might 
be  explained. 

A 

§ 47.  Since  thefe  inquiries  were  The  acade- 
made,  I have  found  that  the  acade-  had 
micians,  del  Cimenta,  had  undertaken  '"^r^er<? 

G fimilar mca£s' 
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fîmllar  inveftigations,  in  an  apparatus 
fomewhat  refembling  mine.  They 
introduced  into  a glafs  tube,  in  which 
they  afterwards  made  the  torricellian 
vacuum,  or  vacuum  by  means  of 
mercury,  two  thermometers  pretty 
near  each  other.  They  heated  this 
tube  from  without  by  two  hot  balls, 
which,  they  fay,  were  advanced  a 
little  nearer  the  inferior  thermometer, 
in  order  to  counter-balance  the  effedl 
of  the  heated  air,  which  might  afcend 
along  the  outfide  of  the  tube,  and 
communicate  more  heat  above  than 
below.  They  allure  us,  that  having 
repeated  this  experiment  feveral  times, 
the  fuperior  thermometer  appeared  al- 
ways to  receive  more  heat  than  the 
inferior.  And  they  add,  that  the  ex- 
periment being  repeated  with  the  tube 

full 
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full  of  air,  the  effedt  was  nearly  the 
fame  as  in  the  vacuum  *. 

Their  method  of  operating  was 
perceptibly  very  inaccurate-.  But  if 
their  procedure  was  precifely  the  fame, 
the  tube  being  empty,  and  full  of  air 
alternately,  the  trifling  difference  which 
obtained  in  thefe  two  cafes,  proves 
fufficiently,  that  the  prefence  of  the 
final!  quantity  of  air,  which  might 
have  remained  in  the  tube  in  my  ex- 
periments, could  not  be  lufficient  to 
account  for  the  fadts  they  indicate, 
without  admitting  fire  to  pofiefs  a na- 
tural afcenfive  tendency.  I remarked 
during  thefe  experiments,  that  not- 
withftanding  the  great  heat  which  the 
bar  of  Copper  fuftained  in  the  part 

* Virura  tamen  eft  differentiam  eflc  admo- 
dum  exiguam,  pofito  tubo  aeris  pleno  vel  vacuo. 

Tentamin.  Ëxp.  natur.  p.  73,  in  4to. 

G 2 expofed 
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expofed  to  the  lenticular  focus,  none 
of  thofe  colours  were  obferved,  which 
are  produced  upon  the  furface  of  cop- 
per and  other  metals,  when  expofed 
in  the  open  air  to  an  equal  degree  of 
heat.  Thefe  colours,  without  doubt, 
depend  upon  an  incipient  combina- 
tion of  the  metal  with  the  ambient 
air,  which  cannot  take  place  when 
the  air  is  excluded.  It  would  be  cu- 
rious to  vary  experiments  under  this 
point  of  view,'  by  expofing.  different 
metals  to  the  focus  of  a lens  in  va- 
rious aeriform  fluids. 


CHAP. 
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CHAP.  III. 

Various  Experiments  on  Heat — De- 
fer ipt  ion  of  the  apparatus  em- 
ployed-— EjfeEt  of  the  Colour  and 
Nature  of  Surfaces  relative  to 
their  Ref e hi  ion  of  Heat — Expe- 
riment on  the  refraction  of  Heat — 

Its  Velocity — Apparent  Reflection 
of  Cold . 

§ 48.  F IRE  being  propagated  ac-  Heat  is  fuf- 
eording  to  the  laws  and  modifications  rXaion! 
we  have  juft  (hewn,  traverfes  the  air, 
and  partly  unites  with  it.  It  may  like- 
wife  meet  folid  bodies,  in  which  cafe 
a part  of  the  fire  penetrates  them,  and 
there  undergoes  the  modifications  of 
G 3 which 
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which  we  have  already  fpoken  ; ano- 
ther part,  of  which  we  are  now  going 
to  treat,  is  refle&ed  by  their  furfaces. 

Lambert  had  already  obferved,  that 
what  he  called  obfcure  heat , or  heat 
without  light,  was  fufceptible  of  re- 
flection. And  I place  the  firfl:  ideas 
of  the  experiments  which  I have  made 
on  this  fubjeCt,  and  which  have  alfo 
given  rife  to  a part  of  thofe  contained 
in  this  Elfay,  amongft  the  obligations 
I owe  to  my  celebrated  friend,  Mr. 
De  Sauffure.  I fhall  here  repeat,  at 
fome  length,  the  experiment  quoted 
in  his  Voyages  dans  les  Alps,  tom.  IL, 

P-  353>  § 920>  ed-  'm  4to. 

§ 49  We  placed  two  concave  mir- 
.rors  of  tin,  which  form  part  of  my 
phyfical  apparatus,  oppofite  each  other 
in  a large  room,  at  the  diftance  of 
i z feet,  2 inches.  Thefe  mirrors  are 

a foot 
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a foot  in  diameter,  and  their  convexity 
that  of  a fphece  whofe  radius  is  9 
inches,  and  they  are  but  moderately 
polifhed. 

At  the  focus  of  one  of  thefe  fpecula, 
was  placed  a mercurial  thermometer, 
whofe  bulb,  was  inflated,  and  at  the 
focus  of  the  other  an  iron  bullet  about 
2 inches  diameter,  heated  fo  as  not  to 
be  luminous  or  viGble  in  the  dark. 

The  prefence  of  this  bullet  raifed  the 
thermometer,  placed  at  the  oppofite 
focus,  from  4°.  to  i4°,5  in  fix  mi- 
nutes ; it  Hopped  there,  and  began  to 
defeend  in  proportion  as  the  bullet 
cooled. 

§ 50.  Let  us  reflect  a moment  upon  R-neaio-n 
the  advantages  of  this  difpofition  for vant^efôf 
augmenting  the  efféét  of  the  heat  at'j^’^hc 
a given  d iftance.  From  the  pofition 
of  the  mirrors  oppofite  each  other, th,s  exPeri* 

r i ment. 

G 4 and 
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and  from  known  catoptric  laws,  it 
follows,  that  a reflexible  emanation, 
excited  at  the  focus  of  one  of  thefe 
mirrors,  is  fent  back  in  part  by  the 
furface  of  the  mirror  in  form  of  a 
bundle  of  parallel  rays  upon  the  op- 
pofxte  mirror;  thence,  by  a fécond 
refiedion,  it  is  again  colleded  at  the 
focus  of  this  laft,  in  a degree  of  den- 
fity  it  could  not  have  attained  without 
this  contrivance. 

Taking  the  diftance  of  the  focus 
from  the  furface  of  the  mirror,  and 
the  extent  of  this  furface,  I compute 
that,  in  effed,  this  mirror  receives  TysV 
of  the  calorific  emanation  produced 
at  its  focus,  that  is,  near  a third  of 
the  whole.  It  certainly  does  not  re- 
fled this  quantity  entire  to  the  oppo- 
fite  mirror  ; a part,  without  doubt, 
is  again  loft  by  the  fécond  refiedion, 

which 
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which  concenters  this  emanation  upon- 
the  thermometer  at  the  focus  of  the 
fécond  mirror.  I fuppofe  that  this 
double  reflection  may  deftroy  the 
half,  or  if  you  pleafe,  l of  it,  yet 
there  will  remain  T\  of  the  total  ema- 
nation thrown  by  this  contrivance  to 
the  given  diftance  ; whereas,  without 
this  arrangement,  and  by  placing 
the  thermometer  fimply  at  the  fame 
diftance  from  the  calorific  focus,  in 
fuch  a manner  as  that  it  may  receive 
folely  a direft  emanation,  only  a pare 
of  it  would  arrive,  which  part  would 
be  to  the  whole  emanation,  as  the 
furface  of  the  feclion  of  the  bulb  of 
the  thermometer  is  to  the  furface  of 
the  fphere,  whofe  radius  will  be  the 
diftance  of  the  thermometer  from  the 
centre  of  the  emanation.  Thus,  fup- 
pofing,  as  in  our  experiment,  the 

thermo- 


( 9°  ) 

thermometer  to  be  1 1 feet,  5 inches, 
from  the  heated  body,  and  the  dia- 
meter of  the  bulb  of  the  thermometer 
3 lines,  we  (hall  find  that  the  fur- 
face  of  the  fedtion  of  this  bulb  is 
only  part  of  the  furface  of  a 

fphere  whofe  radius  is  1 1 feet,  5 in- 
ches, and  that  the  thermometer  re- 
ceives diredtly,  at  this  diftance,  only 
a part  of  the  calorific  emanation  ex- 
prefled  by  this  fraction. 

Theexpe-  § 51.  By  placing  a lighted  wax 

prated  wîth  taper  at  the  focus  of  the  firft  mirror, 
awaxtaper.jnfleacj  Qjr  ^ bupetj  the  thermome- 
ter, at  the  focus  of  the  fécond,  rofe 
in  one  of  our  experiments,  from  4°,6 
to  i4.Q  and  in  another  from  4°,2  to 
1 40, 3.  It  appears,  therefore,  that 
the  efFedt  of  a burning  taper  ap- 
proaches that  of  a bullet  of  the  dia- 
meter 


aôion  of 
heat . 
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meter  and  degree  of  heat  I have  men- 
tioned. 

§ 52.  But  in  the  aCtion  of  the  bul-  Method  of 
let  there  was  only  pure  heat  without  theaftiof 
light  ; and  in  that  of  the  taper  a mix-  from  the 
ture  of  light  and  heat. 

We  thought  of  feparating,  to  a 
certain  degree,  thefe  two  caufes,  by 
interpofing  midway  between  the  mir- 
rors a very  tranfparent  plate  of  glafs. 

The  tranfparency  of  this  fubftance 
would  eafily  permit  the  light  to  pafs, 
and  being  difficultly  permeable  to 
heat,  would  effectually  obftruét  its 
paffage  ; and,  in  faét,  the  prefence 
of  the  burning  taper  at  one  focus  hav- 
ing caufed  the  thermometer,  placed 
at  the  other,  to  rife  from  2.0  to  12.0 
where  it  appeared  ftationary,  we  in- 
terpofed  the  plate  of  glafs,  and  in 
the  fpace  of  9 minutes,  the  thermo- 


meter 
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meter  defcended  to  50,7  wBic6  ig 
more  than  half  the  number  of  de. 
grees  it  had  rifen  without  the  interpp- 
fmon  of  the  glafs.  The  plate  being 
removed,  the  thermometer  rofe  again 
m 7 minutes  to  However, 

tue  light  refleded  upon  the  thermo- 
meter by  the  mirrors,  did  not  feem 
fenfibly  diminilhed  by  the  prefence  of 
the  glafs  • g boulted  itfelf  in  fome 
manner  through  this  tranfparent  bo- 
oth and  thus  became  feparated  from, 
the  heat,  the  greateft  part  of  which, 
remained  behind. 


Si,  § S3-  I had  dill,  however,  fomc 

S::r  ,cn‘pki  conce™"g  the  experiment 

boiling  wa-  with  the  bullet.  I feared  that,  per- 
fectly obfeure  as  it  appeared  to  us,  it 
might  yet  be  luminous  to  organs 
more  fenfible  to  the  aCtion  of  jTght 
than  ours.  I believed  I Ihould  °be 


more 
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more  fuie  of  employing  a hot  body 
not  luminous,  by  fubftltuting  a glafs 
matrafs  of  nearly  the  fame  diameter, 
containing  2 ounces,  3 drachms  of 
boiling  water,  which  was  fupported  at 
•he  focus  of  one  of  the  mirrors  by  a 
jttle  ba/ket  of  iron  wire. 

The  mirrors  in  this  experiment  were 
io  feet,  6 inches  diftant,  and  I had 
placed  a very  thick  fcreen  of  double 
ilk  between  them.  At  the  focus  of 
>ne  was  a fmall  thermometer  of  mer- 
:«ry,  made  by  Ramfden  at  London, 
dapted  to  Farenheit’s  fcale.  The 
natrafs  of  boiling  water  being  placed 
•t  the  focus  of  the  oppofite  mirror, 
he  fcreen  was  removed,  and  in  two 
ninutes  the  thermometer  rofe  from 
7- 9 to  50. 9 1-  of  this  fcale  ; but  at 
ie  tnftant  the  matrafs  was  taken 
"ay,  tne  thermometer  defcended. 

§ SAr  More 
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He«  is  ab-  § ci,  More  convinced  of  the  re- 

forbed  by 

buck  bo-  flexibility  of  pure  heat,  I was  de- 
firous  of  feeing  if  it  alfo  poffeffed,  in 
common  with  light,  the  quality  of 
being  abforbed  by  black  fubftances* 

• With  this  defign,  I blackened  the 
bulb  of  the  fame  thermometer,  and 
repeated  the  experiment  in  every  other 
refpedt  in  the  fame  manner.  The 
thermometer  appeared  more  quickly 
affected  than  when  the  bulb  was  clean 
and  polifhed,  and  the  reflected  heat 
produced  a more  confiderable  ef- 
fect, for  the  mercury  rofe  from  51  °j 
to  55?|.  I have  fince  purfued  the 
fame  experiments  with  a different  ap- 
paratus, as  I fhall  prefently  relate. 
Theufcof  § 55.  The  matrafs  of  boiling  water 
tenofair"  had  this  advantage  over  hot  bodies, 
perimfm^'that  it  afforded  an  abfolute  quantity  of 
heat  in  my  experiments,  which  was 

always 


( 95  ) 

always  the  fame.  But,  on  the  other 
hand,  this  heat  being  inconfiderable, 

I forefaw  that  to  employ  it  with  fuc- 
cefs,  I ought  to  counterbalance  this 
lefs  intenfity  by  the  ufe  of  a more  fen- 
fible  thermometer.  Thermometers  of 
air  are  known  to  poiTefs  a fupreme 
degree  of  fenfibility,  but  I was  preju- 
diced againft  thefe  inftruments  on  ac- 
count of  their  barometrical  effect. 

Yet  I thought  I could  employ  them 
to  advantage  in  thefe  experiments,  in 
which  differences  and  comparative 
obfervations,  made  within  a fhort  in- 
terval, were  the  objects  of  confidera- 
ition  -,  and  indeed  they  have  anfwered 
beyond  my  hopes. 

§ 56.  The  conflruftion  of  thefe  Their  con- 
thermometers  confifts  in  blowing  a(lulâlolu 
bulb  of  3 or  4 lines  diameter,  and  as 
ithin  as  poffible,  on  the  end  of  a glafs 
' tube 
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tube  8 or  io  inches  long,  and  of  the 
caliber  ufually  employed  for  mercu- 
rial thermometers  of  the  larger  fize. 
Both  the  bulb  and  tube  ought  to  be 
very  clean  and  dry  within.  The  bulb 
being  held  betwixt  the  finger  and 
thumb,  the  air  within  is  rarified  by 
their  heat,  and  expelled  in  a conve- 
nient quantity  : I then  plunge  the 
end  of  the  tube  into  coloured  fpirit  of 
wine,  and  remove  my  fingers  from 
the  bulb  ; in  an  inftant  the  air  within 
cools,  and  the  preflure  of  the  atmof- 
phere,  being  no  longer  in  equilibrium, 
caufes  the  coloured  liquor  to  mount 
in  the  tube.  When  the  column  has 
obtained  about  3 lines  in  height,  I 
remove  the  tube,  and  quickly  wipe 
the  end  of  it.  The  little  cylinder  of 
liquor  rifes  in  the  tube,  and  (lops 
nearer  or  farther  from  its  bulb,  ac- 
cording 
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cording  as  the  fingers  have  more  or 
lefs  rarified  the  air  it  contained. 

I afterwards  adapt  to  the  tube  an 
arbitrary  divifion,  graduated  by  lines, 
and  to  render  it  comparable  with  the 
ordinary  fcale  at  the  temperature  in 
which  I make  my  experiments,  I fuf- 
pend  the  thermometer  of  air,  near  a 
very  fenfible  thermometer  of  mercury, 
in  a room  of  a certain  temperature, 
and  obferve  with  a glafs  (for  it  is  im- 
poffible  to  approach  without  making 
them  inftantly  vary)  the  corrcfpon- 
dent  degrees  on  the  two  fcales  : I re- 
peat this  experiment  in  another  room, 
whofe  temperature  differs  fome  de- 
grees, and  hence  I obtain  the  elements 
of  a comparative  divifion,  from  which 
I form  a table  for  each  infiniment. 
The  extent  of  their  variations  depends 
upon  tiie  difference  of  capacity  be- 
ll tween 
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tween  the  bulb  and  the  tube.  The 
moft  convenient  are  thofe  in  which  a 
fpace  of  two  inches,  which  confe- 
quently  admits  a very  confiderable 
fiibdivilion,  anfwers  to  one  degree  of 
the  ordinary  fcale.  Thefe  extempo- 
raneous thermometers  are  very  con- 
venient in  all  experiments  in  which 
there  is  occafion  to  obferve  very  fmall 
differences  of  heat. 

It  is  neceffary  to  empty  them  after 
they  have  been  ufed  ; and  for  this 
purpofe  it  is  fufficient  to  heat  the  bulb 
a little,  and  wipe  the  end  of  the  tube 
when  the  liquor  is  expelled.  With- 
out this  precaution,  if  they  are  ex- 
pofed  to  a certain  degree  of  cold,  the 
liquor  mounts  into  the  bulb,  and  the 
infiniment  is  fpoiled  ; for  one  cannot 
after w • Is,  without  much  time  and 
patience,  and  without  making  the 

bulb 


bulb  and  tube  red  hot,  dry  the  in- 
terior fufficiently  to  make  ufe  of  it  for 
a new  experiment. 

I place  the  thermometer  at  the  fo- 
cus of  the  mirror,  the  bulb  upper- 
mod:.  The  tube  enters  freely  a fmall 
cylindrical  fupport,  which  ferves  as  a 
{land,  and  which  may  be  lowered  or 
heightened  at  pleafure.  The  divifion 
is  marked  upon  a paper,  which  fcarce 
exceeds  the  diameter  of  the  tube,  and 
is  pafted  upon  it  ; thus  the  body  of 
the  inflrument  intercepts  but  a very 
fmall  part  of  the  rays  of  heat,  which 
arrive  at  the  mirror,  from  whence 
they  are  reflected  to  the  bulb  of  the 
thermometer.  other  e*. 

4 <7.  I have  juft  faid  that  I had  P"'1™”'-' 

J J on  the  in- 

examined,  by  an  apparatus  differing  flu«i’ce  of 
from  the  blackened  thermometer,  the  faces  for  the 
influence  of  furfaces  of  different  kinds  and  abr..i  P- 

t*  -y  • tion  of 

ti  2 in  beat. 
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in  reflecting  and  abforbing  hear.  This 
inquiry  makes  the  objeft  of  the  fol- 
lowing experiments. 

I arranged  the  mirrors  at  the  dif- 
tance  of  50  inches  from  each  other. 
At  the  focus  of  the  one  was  placed 
the  matrafs  of  boiling  water,  and 
the  thermometer  of  air  at  the  focus  of 
the  other. 

I here  inform  my  readers,  that  1 
generally  found  the  focus  of  heat  of 
thefe  mirrors  by  a preliminary  experi- 
ment on  the  focus  of  light.  1 pla:  1 
a burning  ta;  er  in  the  little  baikct 
which  the  matrafs  was  to  occupy,  and 
when  the  thermometer,  at  the  focus 
c f ’ :>p  ofité  mi'r  or*  - efeti  upol 

its  ulb  the  diixinCt,  full,  0 t en  lly 
luminous  fceclrum  of  the  mirror  ■ hich 
reflected  th  light  1 was  lure  th  t 
this  light  d .1  fro  n fevery 

of 
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of  the  furface  of  that  mirror,  and 
confequentiy,  that  the  bulb  was  at  its 
focus.  Having  found  this  point,  I 
left  the  Hand  on  the  fpot,  in  order  to 
complete  my  thermometer,  which  re- 
quired only  three  or  four  minutes,  and 
replacing  the  latter,  after  having  re- 
moved the  taper,  I was  fure  that  it 
was  at  the  focus.  But  to  return  to  our 
experiment  : 

I procured  a plain  looking  glafs, 
larger  than  the  mirrors  already  men- 
tioned, and  of  the  thinneft  glafs  I could 
meet  with  ; and  having  mounted  it  on 
a ball  and  focket,  like  a graphome- 
ter,  I placed  it  vertically  in  the  mid- 
dle between  the  two  mirrors. 

This  looking  glafs  prefen  ted  two 
fubftances  in  perfeit  contait  ; the 
glafs,  whofe  two  furfaces  were  equal, 
and  a very  thin  amalgam,  the  fur- 
H 3 face 
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face  whereof,  in  contact  with  the 
glafs,  was  polifhed  like  ordinary  mir- 
rors, and  the  pofterior  furface  exhi- 
bited the  dead  white  of  tin  amalga- 
mated with  mercury. 

The  looking  glafs  being  placed  fo 
as  to  intercept  the  calorific  emanation 
in  its  paflage  from  one  mirror  to  the 
other,  by  making  half  a turn  on  its 
(land,  I could  prefent,  at  pleafure, 
towards  that  fide  from  whence  the 
calorific  emanation  proceeded,  that 
is,  towards  the  matrafs,  either  the  po- 
lifhed and  brilliant  furface  of  the 
glafs,  or  the  dead  white  of  the  amal- 
gam. The  difference  of  their  effect 
upon  the  thermometer  will  (hew  which 
of  thefe  two  pofitions  reftefted  or  ab- 
sorbed the  heat  more  effectually.  It 
is  clear,  that  in  this  particular  cafe, 
in  which  the  intermediate  fubftance 

remained 
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remained  the  fame,  thefe  two  expref- 
fions  muft  be  fynonimous,  feeing  that 
the  quantity  abforbed  by  this  fubftance 
ought  to  be  the  fame  ; and  that  the 
quantity  not  tranfmitted  ought  confe- 
quently  to  be  refleBed. 

§ 58.  The  polifhed  fide  of  the  glafs  Rcfuic. 
being  turned  towards  the  matrafs,  the 
mean  afcenfion  of  the  thermometer 
of  air  was  only  0,5  of  a degree. 

Each  of  thefe  degrees  was  equal  to  « 
of  a degree  of  the  common  thermo- 
meter. 

The  amalgamated  furface  or  the 
! back  of  the  glafs  being  turned  to- 
wards the  matrafs,  the  mean  afcenfion 
was  3°, 5.  deg.  Hence  we  fee  that 
of  two  white  furfaces,  that  which  is 
polifhed  reflefts  heat  more  efficacioufiy 
than  the  other.  I afterwards  blackened 
with  indian  ink  and  a little  fmoke, 

H 4 the 
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the  back . of  the  looking  glafs,  and 
repeated  the  fame  experiment. 

. The  polilhed  fide  of  the  glafs  being 
turned  towards  the  matrafs,  the  af- 
cenfion  was  3°  deg.,  and  with  the 
back  of  the  glafs  turned  towards  the 
matrafs,  it  was  9°,2. 

We  have  here  a very  remarkable 
difference  of  the  tranfmiffion  of  heat, 
and  this  difference  of  6°, 2 is  in  fa- 
vour of  that  pofition  in  which  the 
blackened  furface  of  the  glafs  was  di- 
rected towards  the  matrafs. 

§ 59.  It  will  be  obferved,  without 
doubt,  that  the  effeft  of  the  matrafs 
on  the,  thermometer  was  greater  in 
this  laft  experiment  than  in  the  for- 
mer, made  in  fimilar  circumffances  ; 
for,  the  polifhed  fide  of  the  glafs  be- 
ing turned  towards  the  matrafs,  the 
thermometer  rofe,  in  the  firff  experi- 
ment, 
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ment,  to  only  0,5  and  in  the  fécond 
to  3 deg.  The  thermometer  having 
been  placed  more  exactly  at  the  focus 
in  the  fécond  experiment  than  in  the 
firft,  might  have  occafioned  this  dif- 
ference. But  as  the  experiments, 
which  have  been  the  objects  of  com- 
parifon,  were  made  whilft  the  ther- 
mometer remained  in  the  fame  pofi- 
tion,  this  difference  can  in  no  wife 
change  the  refuît  of  the  experiments, 
which  feems  to  manifeft  the  influence 
of  the  nature  and  colour  of  .furfaces 
in  the  reflection  and  tranfmiflion  of 
heat. 

§ 60.  1 was  defirous  to  know  to  hotter 
what  degree  the  amalgam  and  ftratum  onjh'jTftn- 
of  black  contributed  to  intercept  the  £lafs 
heat;  and  therefore,  immediately  after 
the  aforegoing  experiments,  I removed 
all  the  amalgam  of  the  looking  glafs, 

and 
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and  began  the  fame  experiment.  The 
thermometer  now  afeended  to  1 8 deg. 
that  is  about  9 deg.  higher  than  it  had 
rifen  in  the  former  experiment,  the 
amalgamated  and  blackened  fide  be- 
ing turned  towards  the  matrafs  ; and 
it  exceeded  15  deg.  the  afeenfion 
which  took  place,  when  the  polifhed 
furface  of  the  looking  glafs  was  di- 
rected to  that  fide,  from  whence  the 
emanation  proceeded. 

§ 61.  The  tranfparent  glafs  ftill 
powerfully  intercepted  the  hear  ; for 
when  it  was  removed,  or  when  it  was 
turned  only  a quarter  of  a revolution 
upon  its  Hand,  fo  that  its  plane  was 
parallel  to  the  courfe  of  the  emana- 
tion, it  rofe  fo  rapidly,  that  if  the 
apparatus  had  been  left  fo  difpofed, 
the  liquor  would  have  efcaped  from 
the  thermometer  in  a few  féconds. 

§ 62.  I then 
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§ 6a«  I then  fubftituted  a thin  piece  Expert- 

J ment  with 

of  white  pafteboard  of  the  fame  di  - a piece  of 
menfions  as  the  glafs,  in  order  tOboh»rd.pafte 
compare  their  effects.  The  thermo- 
meter rofe  xo  deg.  that  is,  the  pafte- 
board produced  nearly  the  fame  effeâ: 
as  the  glafs  when  covered  by  the 
amalgam  and  blackened,  the  black 
part  being  turned  towards  the  matrafs. 


lifhed  furfaces,  and  by  the  fame  laws 
as  light,  it  is  not  impoffible  but  that 
it  may  be  likewife  refrafted  in  fimilar 
circumftances. 

To  afcertain  this  fa6t  I placed,  at 
the  focus  of  one  of  the  fpheric  mir- 
rors, the  matrafs  of  boiling  water, 
and  receiving  the  parallel  rays  reflected 
by  this  mirror  upon  three  different 
lenfes,  whofe  thicknefs  at  the  centre 

varied 
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varied  from  6 lines  to  2,7  and  whofe 
focus  differed  from  24  inches  to  67,5 
I could  obtain  no  fure  fign  of  greater 
heat  at  the  focus  of  any  one  of  them 
than  elfewhere.  However,  I am  far 
from  affirming  that  heat  is  not  fufcep- 
tible  of  refra&ion  : perhaps,  as  glafs 
tranfmits  it  with  difficulty,  it  may  be 
neceffary  to  repeat  this  experiment 
with  metallic  lenfes,  which  afford  it  a 
more  eafy  paffage. 

Theveio  § 64.  The  velocity  of  heat  through 
in  h^air^the  air,  when  inaftate  of  liberty,  has 
not  yet,  to  my  knowledge,  occupied 
the  philofopher;  and  I have  been  na- 
turally led  to  that  kind  of  experiments 
which  feems  to  determine  it.  Heat 
is  generally  fuppofed  to  move  fome- 
what  flowly  through  bodies*,  but  I 

* De  Luc.  Idées  fur  la  Météorologie,  § 170. 

have 
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have  reafon  to  prefume,  from  my  own 
experiments,  that  in  this  refpedt  vve 
are  miftaken,  or  rather  that  it  is  né- 
ceffary  to  diftinguifh,  as  we  (hall  pre- 
fently  fee. 

I employed,  in  this  purfuit,  die 
methods  pointed  out  by  Mr.  de  Savif- 
fure  *.  I difpoled  two  concave  mir- 
rors, of  a different  quality,  at  the  dif- 
tance  of  69  feet  from  each  other. 
The  mirror,'  at  whofe  focus  I purpofc-d 
placing  a heated  body,  was  one  of 
the  tin  fpecula  already  defcribed  ; the 
other  was  a fpeculum  of  gilt  piailler 
of  18  inches  diameter,  and  15  inches 
focus.  I adjufted  my  thermometer  of 
air  at  the  focus  of  the  lafl.  This  ar- 
rangement feemed  preferable,  be- 
catii’e,  at  fo  g eat  a diilance,  the  iin- 

* Voyage  dans  les  Alpes,  § 927. 
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perfection  of  the  firft  mirror  caufes  a 
diftufion  of  the  reflected  rays,  by 
which  a conflderable  quantity  would 
be  loft  if  they  were  not  received  upon 
a furface  proportionably  larger. 

A few  inches  from  the  focus  of  the 
firft  fpeculum  was  placed  a very  thick 
fcreen.  The  obferver  then  approaches 
the  thermometer,  and  the  experiment 
does  not  commence  until  the  heat,  if- 
fuing  from  his  body,  has  produced  its 
full  efFeCt  on  the  thermometer,  and 
the  inftrument  remains  perfectly  fta- 
tionary.  The  bullet,  of  which  we 
have  already  fpoken,  heated  to  a cer- 
tain degree,  but  not  fufficiently  to  be- 
come luminous,  is  then  placed  in  the 
baflcet  of  iron  wire  at  the  focus  of  the 
firft  mirror.  At  the  inftant  the  fcreen 
is  removed,  the  thermometer  rifes, 
and  it  is  impofiible,  at  the  diftance 

of 
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of  69  feet,  to  perceive  a fenfible  in- 
terval of  time  between  the  caufe  and 
the  effeét.  But  let  us  fuppofe  that 
even  a fécond  or  two  might  elapfe, 
and  the  interval  is  in  no  cafe  greater 
between  the  removal  of  the  fcreen, 
and  the  rife  of  the  thermometer  ; this 
delay  might  unqueftionably  be  af- 
cribed  to  the  difficult  permeability  of 
the  glafs  of  the  thermometer  to  the 
matter  of  fire,  and  its  velocity  will 
Bill  be  fo  great,  that  at  69  feet,  it 
will  be  undeterminable  by  this  expe- 
riment, which  1 have  not  repeated  at 
a greater  diftance. 

At  the  moment  the  fcreen  is  re- 
placed the  thermometer  defcends,  and 
mounts  again  as  foon  as  it  is  taken 
away.'  It  even  appears  that  the  in- 
drumem  exhibits,  with  dill  greater 
promptaefs,  the  prefence  of  the  ema- 
nation, 
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nation,  when,  by  a repetition  of  thé 
experiment,  the  fpace  between  the 
focus  of  htat  and  the  thermometer  is, 
in  fome  meafure,  filled  by  the  ema- 
nation, than  when  the  fcreen  is  re- 
moved for  the  firft  time. 

Reflections.  § 6 5.  If  this  experiment  contradiéts 
received  ideas,  it  likevvife  contradidts;  in 
appearance,  fome  fadts  : for,  it  feems, 
when  we  light  a fire  in  an  apartment, 
that  the  thermometer  hung  at  the  other 
end  of  the  room  is  a confiderable  time 
before  it  indicates  the  prefence  of 
heat.  Eut  if  we  reriedt  cn  the  ad- 
vantageous difpol'tion  of  the  mirrors, 
which  I have  explained,  § 34,  for 
increafing  the  calorific  emanation  at  a 
given  di'lance,  compared  with  the 
feeble  effect  of  the  direct  rays,  and  if 
we  attentively  confider  the  extreme 
fenfibil’ty  of  the  thermometer,  the 

•facts 
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fads  I announce  may  be  reconciled  to 
general  obfervation. 

§ 66.  It  appears  then,  that  fire,  Fire  mo-es 

r * . ! . • i i t in  t *0  ways 

whether  in  the  air,  or  in  other  bodies, 
moves,  at  the  fame  time,  in  two  ways. 

That  part  of  the  calorific  emanation 
which,  in  traverfing  bodies,  meets 
only  pores  and  nothing  folid,  moves  in 
a ftraight  line,  and  in  every  direction 
with  a confiderable  velocity,  perhaps 
as  rapidly  as  found,  or  even  light  ; 
that  part,  which  meets  in  its  paffage* 
the  molecules  of  bodies,  unites  itfelf 
with  them  under  the  modification  of 
fpecific  heat,  and  propagates  itfelf 
more  or  lefs  flowly,  according  to  the 
conducive  faculty  of  thefe  fubftances. 

The  firft  may  be  called  radiant  beat, 
the  fécond  propagated  heat. 

S 67.  When  I thought  of  fubfti-Glafi m!r- 

f ‘ & rors  refleft 

ttuting  on  the  fide  next  the  thermo- heat  very 

imperfectly 

I meter, 
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meter,  in  the  experiment  made  at  the 
difiance  of  69  feet,  a large  fpeculum 
inftead  of  the  fmall  one  of  tin,  in 
order  to  collect  in  a large  quantity 
the  emanation  reflected  irregularly,  at 
this  difiance,  by  the  firft  mirror,  it 
was  not  the  one  of  gilt  plaifter,  which 
1 firft  employed.  I imagined  that  a- 
large  concave  glafs  mirror  of  16  inches- 
diameter,  and  27  inches  focus,  would 
belt  anfwer  my  purpofe.  But  I faw, 
with  furprize,  that  the  thermometer, 
at  its  focus,  indicated  little  or  no  heat, 
notwithftanding  the  bullet  v/as  at  the 
focus  of  the  oppofite  mirror.  How- 
ever, I prefently  found  out  the  reafon, 
which  was  very  fimple.  We  have  al- 
ready feen  that  heat  traverfes  glafs 
with  difficulty,  and  that  a conliderable 
portion  of  it  is  intercepted  in  its  paf- 

fage- 
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{age.  In  the  glafs  fpecula  it  is  not. 
their  anterior  furface  that  refleds  the 
greateft  part  of  the  rays,  but  more 
efpecially  the  metallic  furface  applied 
to  the  back  of  the  glafs.  The  heat 
Having  the  whole  thicknefs  of  tho 
glafs  to  traverfe  before  it  arrives  at  this 
furface,  cannot  be  reflected  without 
repaying  it,  and  being  thus  doubly 
fifted,  by  a fubftance  which,  with  dif- 
ficulty, admits  its  paffage,  but  little 
of  it  efcapes  to  ad:  upon  the  thermo- 
meter. I had  recourfe,  therefore,  to 
a furface  purely  metallic,  in  order  to 
avoid  this  confidéra'ole  lofs,  and  the 
fpeculum  of  gilt  plaider,  imperfect 
as  it  was,  in  comparifon  with  that 
of  glafs,  for  the  refledion  of  light, 
proved  much  fuperior  to  it  for  the 
r.ededion  of  heat. 
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“v.'imtbe-  R 68.  But  what  becomes  of  the 

••  comes  of  ° 

the  fire,  heat  thus  intercepted?  We  have  juft 

which  is  A • . 

neither  re-  feen  that  it  is  not  thrown  by  reflection 
tranfmuted  from  the  mirror,  and  likewife,  by  the 
mirrors?  experiments  made  with  the  looking 
glafs,  § 42,  we  are  affured  that  it  is 
not  tranfmitted  ; it  remains,  there- 
fore, in  the  glafs  and  heats  it.  It  is 
diffufed  in  the  fubftance  of  the  glafs 
in  proportion  to  its  fpecific  heat,  and 
we  Ihould  perceive  its  effects,  without 
doubt,  if  the  mirror  remained  long 
expofed  to  the  calorific  focus. 

Reflexion  § 69.  I converted  on  this  fubjeCt 
with  Mr.  Bertrand,  a celebrated  pro- 
feflor  of  Mathematics  in  our  academy, 
and  pupil  of  the  immortal  Euler*. 
He  a iked  me  if  I believed  cold  fuf- 

* He  is  author  of  a work  entitled  Dévclcpe- 
ment  de  la  Partie  Elémentaire  des  Mathématiques . 

ceptible 
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ceptible  of  being  reflected  ? I ' confi- 
dently replied  no  ; that  cold  was  only 
privation  of  heat,  and  that  a negative 
could  not  be  reflected.  He  requefted 
me,  however,  to  try  the  experiment, 
and  he  afiifted  me  in  it  *. 

I difpofed  the  apparatus  exactly  as 
in  the  experiment  for  the  reflection  of 
heat,  and  employed  the  two  mirrors 
of  tin,  at  the  diftance  of  ioi  feet 
from  each  other.  At  the  focus  of  one 
was  a thermometer  of  air,  which  was 
obferved  with  the  neceflary.  precau- 
tions, and  at  the  focus  of  the  other  a 
matrafs  full  of  fnow. 

* T2>e  academicians,  del  Cimenta,  have  en- 
deavoured to  concentrate  cold  at  the  focus  of  a 
concave  mirror.  But  they  acknowledge  that 
their  experiments  had  been  made  in  a manner 
not  fufficiently  exact  to  authorize  any  con- 
, dations.. 
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At  the  infcant  the  matrafs  was  placed 
for  experiment,  the  thermometer  at 
the  oppofite  focus  defcended  feveral 
degrees,  and  remounted  as  foon  as 
the  matrafs  was  removed. 

Having  replaced  the  matrafs  at  the 
focus,  and  thus  made  the  thermome- 
ter defcend  to  a certain  degree,  where 
it  remained  ftationary,  I poured  fome 
nitrous  acid  upon  the  fnow,  and  the 
cold  thus  produced  caufed  the  ther- 
mometer to  defcend  inftantly  5 or 
6 deg.  lower. 

§ 70.  The  faft  was  notorious,  and 
amazed  me  at  fir  ft  ; a moment’s  re- 
fiedtion,  however,  explained  it.  This 
phenomenon  offered  nothing  more 
titan  a final  proof,  if  it  had  been  ne- 
cefiary,  of  the  refledtion  of  heat — I 
■.conceive  the  matter  thus  : 

Suppofe 
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Suppofe  A and  B,  two  mirrors, 
placed  in  a room  of  a certain  tempe- 
rature; let  us  place,  at  the  focus  of 
the  mirror  A,  a thermometer  of  the 
temperature  of  the  chamber,  and  let 
us  conceive  the  focus  of  the  mirror  B 
to  be  occupied,  as  it  really  is,  by  n 
fmall  quantity  of  the  air  of  the 
chamber  of  the  fame  degree  of  tem- 
perature. 

We  have  feen,  § 8,  that  every 
heated  body  is,  in  fome  meafure,  in 
a forced  ftate.  Now  the  thermome- 
ter in  this  experiment,  how  little  fo- 
ever  its  temperature  may  be  railed, 
muft  be  confidered  as  a heated  body 
relatively  to  every  colder  body  ; its 
fire,  therefore,  will  tend  to  abandon 
-it,  and  if  it  could,  would  diffufe  it- 
felf  around  the  thermometer  in  the 
■form  of  a radiant  emanation,  a confi- 
I 4 durable 
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derable  part  of  which  would  ftrike 
the  mirror  A,  at  the  focus  of  which 
the  thermometer  is  placed,  and  would 
be  reflected  in  parallel  rays  to  the 
mirror  B,  from  whence  it  would  be 
conveyed  at  its  focus.  But  this  eflfeft 
is  only  potential,  becaufe  the  air  at  the 
focus  of  the  mirror  B,  being  fuppofed 
of  the  fame  degree  of  temperature  as 
the  thermometer,  the  fire  it  contains 
will  develop  the  fame  tenfion  as  the 
fire  in  the  thermometer  at  the  oppofite 
focus  ; and  will  refill:  its  efcape  with  a 
force  precifely  equivalent  to  that 
which  the  fire  in  the  thermometer  will 
exert  to  arrive  at  the  focus  of  B.  In 
this  cafe,  then,  every  thing  is  in 
equilibrium,  and  the  fire  cannot  move, 
becaufe  the  refiftance  is  on  all  fides 
equal  to  the  tenfion. 


But 
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But  if,  inftead  of  the  heated  air, 
we  fhould  place  at  the  focus  of  B,  a 
body  not  only  colder  than  the  ther- 
mometer which  is  at  the  focus  of  A, 
but  which,  like  fnow  or  ice,  Ihould 
! be  of  fuch  a nature  as  to  deftroy  en- 
tirely the  tenfion  of  fire,  which  arrives 
there,  then  the  courfe  of  the  fire  of 
the  thermometer,  which,  in  the  fup- 
pofition  we  have  juft  made,  wa:s  only 
potential,  would  become  aBual.  The  • 
prefence  of  the  cold  body  would  open, 
a kind  of  gulph  to  the  heat  of  the 
chamber  ; it  would  abforb  the  more 
powerfully  the  heat  of  the  thermo- 
meter, as  it  would  arrive  by  a kind 
of  funnel,  becaufe  the  mirror  A would 
receive  (§  34)  about  a third  of  the 
calorific  emanation  proceeding  from, 
the  thermometer,  and  would  refletft  it 
to  the  mirror  B,  from  whence  it-  would 

be 
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be  entirely  loft  in  the  fnow  contained 
by  the  matrafs  at  the  focus.  This  ar- 
rangement is  extremely  advantageous 
for  depriving  the  thermometer  of  its 
heat,  in  comparifon  with  the  direct 
effect  of  the  fame  quantity  of  fnow  at 
an  fequal  diftance.  We  have  here  the 
fame  advantage  in  abforbing  the  heat 
of  the  thermometer,  that  we  had  in 
increafing  it,  when  inftead  of  a colder 
we  placed  a hotter  body  at  the  fo- 
cus B.  Hence  the  experiment  made 
with  fnow  does  not,  in  fact.,  other- 
wife  differ  from  that  made  with  the 
bullet,  or  the  matrafs  of  boiling  wa- 
ter, than  by  the  diredtion  in  which 
the  calorific  emanation  moves.  In 
the  latter  it  moves  from  the  bullet  or 
matrafs  of  boiling  water  to  the  ther- 
mometer ; from  the  focus  of  B to  the 
focus  of  A ; and  in  the  experiment 

made 
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made  with  (now,  it  moves  in  a con- 
trary direction,  viz.  from  the  thermo- 
meter to  the  mat  rafs  of  fnow  ; confe- 
quently  the  thermometer  aérs  the 
fame  part  relatively  to  the  fnow  as 
the  bullet  in  relation  to  the  thermo- 
meter. 

§ 71.  And  this  explication  will  ap- 
ply, although  we  fhould  look  upon 
the  calorific  effeft  as  refulting,  not 
'from  a real  emanation,  but  from  a 
peculiar  vibration  in  fire  confidered 
as  an  elaftic  fluid,  filling  the  fpace  in 
which  the  experiment  was  made.  It 
sis  known  that  thefe  vibrations  are  fuf- 
ceptible  of  being  reflected  according 
to  the  fame  laws  as  emanations,  of 
which  the  refle&ion  of  founds  affords 
ms  daily  examples. 

CHAP. 
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Method  of 
proceeding. 


CHAP.  IV. 

Defcription  of  the  Apparatus  made 
ufe  of  for  obferving  the  Franf- 
mijjion  of  Heat  through  foms 
elaf  ic  Fluids. 

§ 72.  THE  examination  of  the 
phenomena,  which  might  appear  in 
the  tranfmiflion  of  heat  through  va- 
rious elaftic  fluids,  and  even  through 
a vacuum,  piefent'ed  a very  extcnfive 
and  interefting  field  of  experiments  ; . 
and  thofe  of  which  I have  juft  given 
an  account,  afforded  me  the  means  of 
proceeding  in  this  inveftigation  after 
a new  mode  that  might  prove  advan- 
tageous. 

By 
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Ey  the  method  I purfued  it  was  eafy 
for  me  to  heat  a thermometer  in  a 
^certain  tranfparent  medium,  without 
heating  (coniiderably,  at  leaft,  in 
comparifon  with  the  thermometer)  the 
medium  itfelf,  which,  moreover,  I 
could  vary  at  pleafure.  Ey  obferving 
the  progrefs  of  the  heating  and  cooling 
of  the  thermometer  in  thefe  various 
circumftances,  their  differences  might 
lead  to  concJufions  more  or  lefs  im- 
portant, which,  to  me,  would  cer- 
tainly be  new.  The  defcription  of 
the  apparatus  I made  ufe  of  to  ac- 
complifh  thefe  defigns,  will  be  the 
fubjedt  of  the  prefent  chapter. 

§ 73.  T,  fig.  I.,  reprefents  the  nether 
thermometer  of  mercury,  whofe  bulb mometer 
is  2 x lines  in  diameter;  not  being 
mounted,  the  divifions  are  marked 
arpon  the  tube  itfelf,  and- extend  from 

-5  deg- 


The  e’eo 
tiome  er. 


( 126  ) 

5 deg.  below  freezing  point  to  the  40th 
degree  above,  which  is  marked  near 
the  top  of  the  tube  ; the  tube  itfelf  is 
formed  into  a ring  at  its  extremity, 
and  is  hung  upon  the  ftan-.'.  SS,  which 
is  alfo  a glafs  tube;  a pair  of  fmall 
forceps  is  fixt  to-  this  tube,  deftined 
to  keep  the  the  rmometer  in  its  place 
and  prevent  its  ofeillations.  From 
this  difpofition,  and  by  employing 
bodies  difficultly  permeable  to  heat, 
it  is  evident  I fought  to  avoid  the  dif- 
fipation  of  it  when  once  arrived  at 
the  thermometer. 

§ 74.  Towards  the  top  of  the  glafs 
tube,  SS,  is  a fmall  electrometer  E, 
compofed  of  a piece  ot  metal  in  form 
of  a T reverfed,  fixt  to  this  tube  by  a 
ring,  and  bearing,  at  each  extremity, 
two  pair  of  little  bads,  fufpended  by 
very  fine  metallic  threads,  like  the 

electro- 
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electrometers  of  Mr.  Dé  Sauffure. 

One  pair  of  thefe  balls  is  made  of 
the  pith  of  the  elder  tree,  the  other  of 
two  turnip  feeds.  Thefe  feeds  being 
heavier  than  the  pith  of  the  elder 
tree,  afford  lefs  fenfible  indication, 
and  ferve,  by  that  means,  to  gradu- 
ate, in  fome  meafure,  the  fymptoms 
of  eledlricity,  by  diverging  with  lefs 
facility. 

§ 75.  HH  is  an  hygrometer  of-rhehygro 
hair,  differing  only  in  the  form  of  its rneter* 
mounting,  from  that  invented  by 
Mr.  De  Sauffure.  C the  hair  fixt  at 
the  upper  part,  and  whofe  inferior 
extremity  occupies  the  bottom  of  a 
femicircular  groove,  or  kind  of  half 
pulley,  of  the  fame  piece  with  the 
index  of  the  infiniment,  and  moving 
with  it  upon  a common  pivot. 
the  fcale  divided  into  100  parts,  from 

the 
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the  term  of  extreme  drynefs  to  ex- 
treme humidity  at  the  upper  part, 
which  anfvvers  to  ioo.  I fhall  not 
enlarge  upon  the  qualities  of  this  in- 
ftrument,  which  have  been  profoundly 
developed  in  the  EJfais  fur  I'Hygro- 
metrie  of  the  learned  inventor,  and 
as  the  infiniment  itfelf  is  pretty  ge- 
nerally known  to  philofophers.  But 
independent  of  the  advantages  which 
render  this  infiniment,  in  general, 
valuable,  it  poffefles  one  quality  in  a 
fupreme  degree,  that  makes  it  inefti- 
mable  in  the  kind  of  experiments  I 
had  undertaken.  I mean  its  fenfibi- 
lity,  or  the  promptitude  with  which 
it  conforms  to  the  hygrométrie  Bate 
of  the  furrounding  medium.  In  this 
particular  it  furpaffes  the  thermometer 
itfelf,  as  we  fhall  fee  hereafter. 
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§ 76.  R reprefents  a fmall  gage  or 
little  barometer  in  form  of  a fyphon, meter- 
intended  to  indicate  either  the  degree 
of  vacuum,  obtained  in  the  receiver 
in  which  certain  experiments  were 
made,  or  the  manometric  effects  of 
the  eiafcic  vapours  introduced  into  the 
vacuum.  That  branch  of  the  fyphon 
on  the  fide  R is  open  at  the  top  ; the 
other  clofed.  The  mercury  contained 
in  the  tube  had  been  accurately  purged 
of  air  by  ebullition  ; and  the  divifion 
thews  the  ftate  of  rarefaction  from  the 
degree  where  the  air  is  capable  of  fup- 
porting  3 inches  of  mercury  down 
to  the  level,  if  it  were  poffible  to  at- 
tain it. 

§ 77.  Thefe  four  inftruments  areeeiWa|<lif- 
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introduced  into  the  globe  BB,  fig.  I.,  theappara- 
and  at  fig.  II.  they  are  reprefented  in  us" 
miniature.  The  neck  of  this  globe 
K ' is 


( *3°  ) 

is  covered  by  a brafs  cap,  and  luted 
with  the  lute  defcribed  by  Mr.  De 
Sauflure  *,  which  is  very  convenient 
in  eveiy  cafe  of  this  kind. 

The  whole  apparatus,  reprefented 
by  fig.  II.,  may  appear  complicated 
at  firft  view  ; becauie  various  objects, 
connected  with  different  experiments, 
and  which  are  not  all  employed  at  the 
fame  time,  are  brought  together  in 
this  figure. 

Its  general  difpofition  (hews  the 
means  employed  to  heat  the  thermo- 
meter placed  in  the  centre  of  the 
globe,  and  at  the  fame  time  to  heat, 
but  very  little,  the  fluid  by  which  it 
is  filled.  It  is  by  means  of  two  wrax 
tapers  and  the  mirrors  arranged  as  is 
reprefented  in  the  figure. 

* Effais  fur  l ’Hygrométrie,  § 83. 

We 
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We  know,  that  when  in  a fpheric 
mirror  the  radial  point  is  placed  fome- 
where  along  the  axis  between  the  fo- 
cus of  the  mirror  and  the  center  of 
the  fphere,  of  which  the  mirror  makes 
a part,  the  reflected  rays  converge 
towards  a certain  point  along  the  fame 
axis,  and  there  form,  by  their  union, 
the  fpedtrum  of  the  radial  point. 
The  courfe  of  fame  of  thefe  rays  is 
traced  on  one  fide  of  the  figure,  and 
it  will  be  underflood,  without  faying 
any  thing  more,  that,  by  this  difpo- 
fition,  the  thermometer  will  be  heated 
independent  of  the  furrounding  me- 
dium. In  order  to  find  the  true  pofi- 
tion  of  the  taper3,  I employ  the 
means  indicated  § 41,  and  raife  them 
on  their  Hands  in  proportion  as  they 
confume. 
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Capacity  of  § 78.  The  ballon  or  globe  is  of 
thin  white  glafs  in  the  form  of  a pear, 
and  contains  777  ounces,  6 drachms, 
2 fcruples  of  water,  at  10  deg.  tem  - 
perature, which  gives  for  its  capacity 
1200,199  cubic  inches,  from  which 
dedudt  3,908  for  the  volume  occu- 
pied by  the  various  inftruments,  and 
there  will  remain  1196,291  cubic 
inches,  for  the  volume  of  fluids  fub- 
jedt  to  experiment  within  it.  The 
neck,  with  its  brafs  cap,  is  inferted 
into  a wooden  ring  open  at  one  fide, 
and  fupported  by  three  brackets  mor- 
tified into  a circle  which  ferves  as  their 
bale.  The  globe  thus  mounted,  and 
the  two  wax  tapers  are  placed  upon  a 
board,  open  in  the  middle,  and  this 
board  is  fupported  by  a tripod  with 
an  open  top.  « 
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$ 7q.  Two  pipes  fcrewed  into  theMrnorn<r' 

J ' ' 1 1 trical  appa- 

metallic  cap,  which  covers  the  neck  rams  ap- 

1 ...  plied  to  the 

of  rhe  ballon,  communicate  with  its  globe, 
interior.  One  of  them  defeends  ver- 
tically, and  is  furnifhed  with  a cock 
at  R,  by  which  it  may  be  opened  or 
flout  at  pleafure  ; a little  lower  is  a 
fécond  cock,  whofe  key  may  be  feen 
in  the  figure.  This  pipe  unferews 
between  thefe  two  cocks,  and  termi- 
nates in  a cylindrical  glafs  receiver, 
open  below,  and  divided  into  parts, 
which  are  thoufandths  of  the  total  ca- 
pacity of  the  globe.  This  receiver  is 
introduced  into  a fécond  (C)  open 
above  to  receive  a quantity  of  water, 
which  mounts  to  its  level  in  the  inte- 
rior veffel  ; the  inner  receiver  is  then 
fcrewed  upon  the  ballon,  at  the  place 
already  mentioned,  between  the  two 
cocks. 

K.3 
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Hence,  fuppofing  the  two  cocks 
open,  and  the  paflage  from  the  globe 
to  the  interior  receiver  free,  it  is  ealily 
underftood,  that  if  the  air  contained 
in  the  globe  fhould  be  dilated,  a part 
of  it  will  pafs  into  the  interior  re- 
ceiver, which  bears  the  diviflon  juft 
mentioned,  and  prefling  the  water  it 
contains,  will  raife  it  in  the  fame  pro- 
portion in  the  exterior  veflel,  and  the 
difference  of  level  will  become  a very 
fenfible  index  of  the  leaft  change  of 
volume  in  the  air  of  the  ballon. 

But  to  know  the  real  augmentation 
of  volume  produced  by  the  dilating 
caufe  under  a fimilar  preflion,  I lower 
the  exterior  receiver  C,  by  means  of 
a fcrew  on  the  tripod  T,  which  fup- 
ports  it,  in  proportion  as  the  volume 
of  the  air  augments,  and  as  the  level 
of  the  water  tends  to  fall  in  the  inte- 
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rior,  and  to  rife  in  the  exterior  re- 
ceiver, and  I thus  maintain  the  water 
at  its  level  N,  in  the  two  veflels.  So 
that  the  divifions  of  the  interior  veflel, 
feen  through  the  exterior,  will  indi- 
cate very  exadtly  the  augmentation  of 
volume  of  the  air  within  the  globe, 
the  preffion  remaining  the  fame  ; that 
is,  the  air  in  the  globe  being  con- 
ftantly  in  equilibrium  with  that  of  the 
atmofphere.  It  is  underftood  that  we 
muft  reverfe  the  rule  when  the  air  of 
the  ballon  is  condenfed  or  diminiflres 
in  volume. 

§ 80.  Finally,  the  lateral  pipe,  etc  of  ti  e 
which  is  alfo  furnifhed  with  a cock  r, Uv'"  r' 
occafionally  communicates  with  va- 
rious pieces,  and  amongft  others,  with 
a long  glafs  tube  in  form  of  a iyphon 
of  unequal  branches,  mounted  on  a 
flip  of  deal  EE,  divided  into  inches 
K 4 and 
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and  lines,  as  is  reprefented  in  the 
plate.  A quantity  of  mercury  fuffi- 
cient  to  rife  in  the  two  branches  to  n, 
may  be  introduced,  and  it  may  be 
then  adapted  to  the  lateral  pipe  1. 
This  part  of  the  apparatus  is  defigned 
to  fhew,  by  the  variation  of  the  level 
of  the  mercury,  and  its  afeenfion  in 
the  long  branch  of  the  fyphon,  the 
concienfation  of  an  air  introduced  into 
the  globe.  If,  for  example,  the  dif- 
ference of  level  in  the  two  branches 
lhould  equal  the  height  of  the  baro- 
meter, at  the  moment  of  the  experi- 
ment, the  air  in  the  ballon  would  then 
be  compretfed  by  a weight  equal  to 
that  of  two  atmofpheres,  and  its  den- 
frty  would  be  double. 

Ecorna;  § Si.  The  whole  of  this  apparatus, 
pL-lu  f°rae  parts  of  which  are  of  a very  dif- 
ficult and  delicate  confiruction,  was 
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executed  by  Mr.  Paul,  an  artift  of 
great  eftimation  with  the  natural 
philofophers  of  this  city,  and  of  un* 
common  addrefs  and  fagacity.  His 
reputation  is  too  well  eftablifhed  to 
need  my  approbation,  but  I cannot 
deny  myfelf  the  pleafure  of  atteft- 
ing  that  the  cocks,  which  are  often  a 
defeftive  part  of  inftruments  of  this 
kind,  are  fo  perfectly  air  tight,  that 
having  made  a vacuum  in  the  ballon 
to  a line  and  a half  of  the  gage,  I 
found  no  fenfible  difference  at  the 
expiration  of  fix  months,  although 
the  air  might  have  entered  the  two 
cocks,  R and  r,  if  they  had  not  been 
perfectly  tight. 


CHAP. 
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CHAP.  V. 

Preliminary  Experiments  — Effect 
of  the  Light  cf  burning  Papers 
refletled  upon  a blackened  Ther- 
mometer— Influence  oj Daylight — 
Examination  of  the  Effect  of  the 
fldes  of  the  Globe  upon  the  calo- 
rific Emanation  of  the  JVax  Pa- 
pers, and  of  the  mean  Heat  of 
the  air  within  during  the  mean 
Continuance  of  thefe  Experiments 
— The  Advantages  of  this  Ap- 
paratus for  manometrical  Expe- 
riments. 

On  the  em-  c g2>  The  experiments  related  in 

ployment  * -t 

of‘®Pe.r? as  the  third  chapter  had  fhewn  me  that 

a calorific  1 

taufe.  heat  pafles  through  glafs  with  extreme 

difficulty, 
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difficulty,  and  I found,  that  in  order 
to  reverberate,  by  means  of  the  ap- 
paratus juft  defcribed,  a degree  of 
heat  fomewhat  confiderable  upon  the 
thermometer  (luit  up  in  the  middle  of 
the  globe,  a matrafs  of  boiling  water 
placed  at  the  focus  of  each  mirror 
would  be  inefficient,  and  that  more 
adtive,  and,  at  the  fame  time,  the 
moft  confiant  caufes  of  heat  poffible 
(fuch  as  burning  tapers,  for  example) 
would  be  requifite. 

As  yet  we  have  had  no  good  expli- 
cation of  the  manner  in  which  a ftrong 
light  fometimes  excites  heat  ; but  the 
fadt  is  not,  therefore,  the  lefs  certain, 
and  I think  we  may  confider  the  taper, 
at  the  focus  of  each  mirror,  as  a body 
at  once  hot  and  luminous,  which,  by 
the  reflection  of  this  double  emana- 
tion, produces  upon  the  thermome- 
ter 


Their  ef- 
fect upon  a 
blackened 
thermome- 
ter. 
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ter  a greater  effed  than  if  it  had  been 
a hot  body  not  luminous,  or  than  if  it 
had  diffufed  light  without  heat. 

§ 83.  We  know  that  black  bodies 
powerfully  abforb  luminous  emana- 
tions, and  that  from  thence  heat  re- 
faits. We  have  likewife  feen,  § 57, 
that  the  fame  bodies  are,  as  we  may 
fay,  tranfparent  to  heat,  that  is,  they 
tranfmit  it  readily,  I was  therefore 
curious  to  try  upon  the  fame  ther- 
mometer, alternately  blackened  and 
bright,  and  fafpended  in  the  open  air 
at  the  common  focus  of  the  two  mir- 
rors, the  effect  of  thefe  two  caufes 
united  in  the  tapers. 

I blackened,  at  the  flame  of  a 
candle,  the  bulb  of  a thermometer 
to  fach  a degree,  that  the  image  of  a 
lighted  candle  was  fall  refîeéted  by 
the  bulb  itfelf. 


The 
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The  thermometer  thus  prepared 
and  adjufted  at  the  common  focus  of 
the  two  mirrors,  rofe  in  1025  féconds, 
from  8 degrees  to  34,  which  I found 
to  be  the  maximum  of  the  calorific  ef- 
fect of  the  tapers. 

The  fame  infiniment  perfectly 
cleaned  and  bright,  placed  in  the 
fame  manner,  rofe  in  937  féconds 
from  8 degrees  to  22,  where  it  alfo 
reached  its  maximum.  By  comparing 
the  time  in  which  an  equal  afcenfion 
had  taken  place  in  thefe  two  examples, 
I found  that,  with  the  bulb  clear  and 
bright,  it  had  required  713  féconds 
to  raife  the  thermometer  from  9 de- 
grees to  21  ; and  that  to  produce 
the  fame  effect  with  the  bulb  black- 
ened, it  had  required  only  260  fé- 
conds. 


Thus 
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Thus  we  fee,  that  the  bulb  of  the 
thermometer  blackened,  receives,  from 
the  double  adion  of  the  light  and 
heat  of  the  tapers,  a calorific  influ-v 
ence  much  furpafiing  that  which  takes 
place  when  the  bulb  is  perfectly  bright 
* and  clean. 

black  ftra-C  § s4-  Having  compared  the  effed 

tum  on  the Qf  fjeat  Upon  the  fame  thermometer, 

cooling  of  r 7 

the  ther-  whofe  bulb  was  alternately  bright  and 

mometer.  J ° 

blackened,  I was  defirous  of  know- 
ing the  influence  of  the  fame  circum- 
ftances  in  its  refrigeration. 

The  refult  is  very  remarkable,  as 
may  be  feen  by  comparing  the  num-* 
bers  of  the  following  table.  The 
firfl:  column  exprefles  the  degrees  of 
the  thermometer  ; the  fécond,  the  re- 
frigeration from  degree  to  degree,  the 
bulb  being  clean  ; the  third,  the  time 
of  refrigeration  with  the  bulb  blackened. 


( 143  > 


Intervals  of  the  refrigeration 
f from  degree  to  degree  in  fé- 
conds. 

Bright  bulb. 

Black  bulb. 

97-" 

1 13*'/ 

86. 

IOO. 

68. 

76. 

50. 

68. 

46. 

51- 

41* 

48. 

34- 

39- 

36- 

40. 

24. 

30, 

26. 

3o* 

508. 

595-" 

Degrees  o 


The 


Daylight 
has  fome 
influence 
on  the 
blackened 
bulb. 
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The  refrigeration  appears  flower, 
the  bulb  being  black,  than  in  the 
other  cafe,  and  on  comparing  the  film 
of  their  differences,  it  will  be  found 
nearly  in  the  proportion  of  5 to  6. 
The  caufe  of  this  difference  is  pro- 
bably the  refiftance  made  by  the  black 
covering  to  the  paflage  of  the  heat, 
when  it  tends  to  quit  the  thermometer 
where  it  was  collected  ; for  we  know 
that  charcoal  is  one  of  the  word  con- 
ductors of  heat. 

§ 85.  The  remarkable  influence  of 
the  black  ftratum  in  augmenting  the 
calorific  effeft  of  the  tapers  upon  the 
thermometer,  led  me  to  fufpeCt  that 
daylight  alone  might  raife  the  black- 
ened thermometer  higher  than  one 
which  was  clean. 

In  order  to  verify  this  fufpicion,  I 
cbofe  two  thermometers  of  mercury, 

, which 
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which  agreed  well  with  each  other.  I 
blackened  the  bulb  of  one  of  them, 
and  then  placed  them  together  in  a 
dark  clofet.  At  the  moment  I opened 
the  door  I found  them  agree,  but  the 
aftion  of  the  light  foon  raifed  the 
black  thermometer  2 or  3 tenths  of  a 
degree  above  the  other,  and  this  dif- 
ference continued  as  long  as  they  were 
mutually  expofed  to  daylight,  and 
ceafed  as  foon  as  they  were  again  fhut 
up1  in  darknefs.  I am  perfuaded  that 
the  fame  caufe  produces  a fimilar  ef- 
fect on  the  thermometers  of  fpirit  of 
wine,  whofe  colour  is  a deep  red,  and 
that  if  they  agree  with  thofe  of  mer- 
cury at  night,  they  are  raifed  a little 
more  in  daylight,  and  fo  much  the 
more  as  the  light  is  ftronger.  I have 
lèverai  times  thought  I obferved  this 
ivariation  ; and  it  is  known  that  this 
L difference 

\ V 


< MS  ) 

difference  amounts  to  io  degrees  and 
more,  when  expofed  immediately  to 
the  rays  of  the  fun. 

By  placing  at  the  centre  of  the  bal- 
lon, defigned  for  thefe  experiments, 
a blackened  thermometer,  I fhould, 
without  dGu'ot,  have  raifed  its  tempe- 
rature : but  the  efifeft  produced  upon 
the  clean  and  polifhed  bulb  was  fuffi- 
cient  for  ray  purpofe  ; the  prefence  of 
the  flratum  of  black  would  have  com- 
plicated the 'refaits  ; and  its  influence 
in  certain  experiments,  which  I me- 
ditated, would  have  been  hurtful  : I 
therefore  preferred  making  ufe  of  the 
thermometer  defcribed  at  § 57,  with- 
out any  addition. 


§ 86.  Having  found  the  calorific 


Examina- 
tion of  the 

diia  of  the  effect  of  the  two  tapers  upon  the  ther- 

lides  of  the  1 . 1 

luibn  on  naometer  impended  in  the  open  air  at 

the  calorific  . r r 1 

emanation  the  common  rocus  Oi  the  two  mirrors, 

of  the  ta*  1 j 

pe.s.  placed 
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placed  in  the  manner  defcribed  at 
§ 61,  it  became  neceflary,  before  I 
commenced  a courfe  of  experiments 
in  the  ballon,  to  examine  to  what  de- 
gree its  Tides  intercepted  the  calorific 
'emanation.  Two  confecutive  experi- 
ments were  to  be  made  for  this  pur- 
pofe,  in  which  every  circumftance 
fhould  be  abfolutelÿ  the  fame,  except 
that  in  one  the  thermometer  was 
placed  at  the  common  focus  of  the 
two  mirrors  within  the  globe,  and  in 
the  other  the  fame  inftrument  at  the 
fame  place  in  the  open  air,  the  globe 
being  removed.  The  comparifon  of 
the  heating  and  cooling  of  the  ther- 
mometer in  thefe  two  cafes  would 
give  me  the  e fie  ft  of  the  Tides  of  the 
globe. 

Here  follows  the  table  of  thefe  ex- 
periments. 

L 2 
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Heating, 

j Cooling. 

Degrees 

Therm,  j 
in  the 
ballon.  ' 

Therm, 
without 
the  ballon 

| Degrees 

Therm . 
in  the 
ballon. 

Therm, 
without 
(he  ballon 

9-1 

y 

88." 

33-" 

21.1 

j 

... 

26." 

10-j 

85. 

.38. 

-J 

> 

. . . 

24. 

II.1 

92. 

38. 

i9.  | 

. . . 

36. 

12.' 

100. 

48. 

i 18.1 

J 

. . . 

34. 

I3'j 

138. 

54- 

I7<- 

! • J 

67." 

41* 

i4-l 

f 

130. 

52- 

l6.  1 

83. 

46. 

IS-  "i 

[ 

r 

160. 

66. 

M 

\ 

103. 

50. 

i6. 

► 

33°- 

80. 

!i4-j 

\- 

99. 

68. 

17. 

f 

. . . 

91. 

I13-] 

\ 

196. 

86. 

18.  ! 

j 

1 

1 

. . . 

77* 

: 12  j 

\ 

00 

97- 

19-.  1 

\ 

52. 

1 1 . 

\ 

2S7- 

20. 1 

1 

j 84. 

10. 

1 

F 

j 

r 

372- 

2i.j 

f 

. . . 

198. 

9- 

- 

Sum 

_ _ 

1 1 23  ' 

9 1 1 /; 
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It  is  obfervable  on  the  firft  infpec- 
tion  of  this  table,  that  the  movement 
of  the  mercury  exhibits  more  irregu- 
larity in  the  procefs  of  heating  than 
during  the  refrigeration  ; and  the 
whole  courfe  of  thefe  experiments 
confirms  this  remark,  the  caufe  where- 
of it  is  net  difficult  to  afeertain.  I 
faw  that  very  iuconfiderable  differences 
in  the  placing  of  the  tapers,  in  the 
vivacity  of  their  flame,  had  a very 
fudden  and  notable  influence  on  their 
calorific  effect.  The  obfervations 
from  degree  to  degree  made  during 
the  cooling,  which  were  affedted  by 
no  other  caufes  of  irregularity  than 
the  combined  errors  of  the  divifion  of 
the  thermometer,  and  of  the  obfer- 
vations themfelves,  ought,  for  this 
reafon,  to  exhibit  a more  regular  pro- 
greffion  ; and  for  this  reafon,  alfo,  I 
L 3 give 
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give  more  faith  in  general  to  the  re- 
faits of  the  obfervations  made  during 
the  refrigeration,  than  to  thofe  drawn 
from  the  obfervations  made  during  the 
heating  of  the  thermometer. 

We  fee  alfo,  that  the  thermometer, 
placed  within  the  globe,  rofe,  by  the 
aéiioh  of  the  tapers,  from  9Q.  to  170. 
in  the  fpace  of  1123  féconds;  and 
without  the  globe,  in  circumftances 
otherwife  perfectly  the  fame,  it  rofe 
in  91 1 féconds  from  90.  to  220.  that 
is,  five  degrees  higher. 

By  comparing  the  intervals  of  time, 
during  which  a fimilar  rife  had  been 
produced  in  thefe  two  circumftances, 
I found  that  the  thermometer  without 
had  rifen  in  409  féconds  the  8Q  which, 
within  the  globe,  it  had  required  1 1 23 
féconds  to  attain. 


This 
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This  confideration  (hews  us  already, 
that  the  (ides  of  the  ballon  intercepted 
a quantity  of  heat  nearly  equal  to  ! of 
the  whole  emanation  reflected  by  the 
mirrors. 

And  if  we  attend  to  the  cooling  of 
the  thermometer  in  the  open  air,  and 
within  the  ballon,  we  fha.il  fee,  that 
it  required  733  féconds  to  defcend' 
from  1 70  to  ii°  within  the  globe, 
a.nd  only  388  féconds  to  defcend  the 
fame  number  of  degrees  in  the  open 
air;  that  is  to  fay,  the  refrigeration 
was  effected  nearly  one  half  quicker 
in  the  latter  cafe. 

If,  therefore,  the  thermonr  ter  had 
been  heated  in  the  open  air  by  a third 
put- of  the  heat,  which  pafied  through 
the  (ides  of  the  globe  in  the  experi- 
ment of  heating,  the  refrigerant  action 
of  the  open  air  would  have  dcftroyed 
L 4'  the 
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t.ne  effeft  of  almofi:  half  this  quantity 
upon  the  thermometer;  hence  we  may 
conclude,  that  the  fides  of  the  globe 
intercept  about  4 of  the  calorific  ema- 
nation, which  would  otherwife  arrive 
at  the  thermometer.  And  although, 
in  order  to  fimplify  the  calculation, 
which  is  only  an  approximation,  I 
have  taken  for  granted  that  the  periods 
of  time,  during  which  the  fame  in- 
creafe  of  temperature  is  produced  upon 
the  fame  body,  are  proportionate  to 
the  intenfity  of  the  heating  caufe, 
which,  perhaps,  may  not  be  rigo- 
roufly  true,  particularly  in  the  ex- 
• tremcs  ; yet,  I - believe,  the  error 
refulting  therefrom,  in  this  particular 
cafe,  will  not  merit  attention. 

-En*#Çf«-  § 87.  The  firfi:  enquiry  to  be  made 

to  the  mean  .. 

l ent  of  the  after  thefe  preliminary  experiments  on 

£W.,he  the  eu  eft  ‘ of  the  fides  of  the  globe, 

was 
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was  the  mean  degree  of  heat  produced 
in  the  air  of  the  globe,  by  the  procefs 
I ufed  to  heat  the  thermometer.  Two 
eaufes  tended  to  heat  this  air.  ift. 
The  heat  propagated  through  it  ; 2nd, 
the  heat  accumulated  in  the  thermo- 
meter again  iffuing  from  it,  and  dif- 
fufing  itfelf  through  this  medium. 
Thermometers  placed  within  at  diffe- 
rent parts  of  the  globe  would  have 
indicated  this  mean  temperature  ; but 
they  would  have  complicated  the  ap- 
paratus, and  a method  more  fimple 
prefented  itfelf;  viz.  the  manometric 
effeft  of  heat  upon  this  air,  or  the 
augmentation  of  volume  it  underwent 
during  the  experiment. 

In  the  defcription  of  my  apparatus, 
it  has  been  fhewn  by  what  means  I 
could  obferve  this  dilatation  within 
much  lefs  than  a thoufandth  part  of 

the 
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the  total  volume  ; and  in  order  to  de- 
duce (tom  hence  the  heat  of  the  air, 
not  having  made  any  direct  experi- 
ments upon  this  fubjedt,  I could  avail 
myfelf  of  the  principles  of  other  phi- 
lofophers  in  this  iefpedt.  And  amongft 
thofe  who  have  examined  this  fubjedt 
in  particular,  General  Roy  appeared 
to  me  to-  merit  great  confidence.  It 
refults  from  the  experiments  given  in 
his  excellent  memoir  concerning  ba- 
rometrical meafurements,  inferred  in 
the  Philofophical  Tranfadlions  of  the 
Royal  Society  of  London  for  the  year 
1777,  that  in  a temperature  between 
52?  and  62°  of  Farenheit  (or  +85 
and  + 13  v of  the  fcale  of  80  parts) 
the  mean  expanfion  of  atmofpheric 
air  is  0,0026  of  its  volume  for  each 
degree  of  increafed  temperature.  This 
refult  applied  to  the  fcale  of  80  parts, 

the 
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the  degrees  of  which  are  to  thofe  of 
Farenheit,  as  2°  I to  i.  gives  0,005*35 
of  dilatation  for  each  degree  of  this 
fcale  *. 

Now  the  mean  dilatation  of  the 
air  in  three  experiments,  whofe  mean 

deviation 

* Mr.Trembley,  in  his  Memoir  on  Barome- 
tric Meafurements,  which  concludes  the  2nd 
volume  des  V y ages  dans  les  Alpes  de  Mr.  de 
SauJJure , adopts  a proportion  lomewhat  diffe- 
rent, viz.  or  0,00521  augmentation  of  vo- 
lume of  common  air  for  each  degree  of  the  fcile 
of  80  parts.  This  number  is,  without  doubt, 
the  nearefc  the  truth,  if  we  confider  it  with 
Mr.  Trembley  as  the  mean  coefficient  of  re- 
faits affedled  by  a crowd  of  different  elements, 
and  above  all  by  the  errors  meceffarily  com- 
mitted in  the  eftimation  of  the  temperature  of 
the  air,  as  I fliall  elfewhere  fhew  (fee  chap, 
viii.).  But  this  proportion  of  dilatation  did 
not  appear  to  merit  a prefetence,  in  this  parti- 
cular cafej  to  that  refulting  from  the  diredl  ex- 
periment 
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deviation  was  32  minutes,  was  found 
to  be  0,01490,  which,  according  to 
the  eftimation  already  mentioned,  gives 
20, 5 for  the  mean  heat  of  the  air  in 
the  globe  during  the  experiments,  in 
which  the  mean  afcenfion  of  the  ther- 
mometer, placed  in  the  middle  of  this 
mafs  of  air,  was  1 1°,8  the  point  of  de- 
parture being  between  7 and  8 de- 
grees. 

Advantages  § 88.  The  great  advantage  of  this 
plrlms  for  apparatus  for  a courfe  of  manometric 
trkexperi-  obfervations  is  manifeft.  We  are 
ments.  enabled  by  its  means  to  mark  with 
the  greatefh  exactitude  the  dilatations 

périment  of  General  Roy,  againft  which  I fee 
no  objection,  fo  long  as  he  has  remained  within 
the  degrees  of  heat  confiderably  below  thofe 
•which  convert  water  into  an  elajlic  vapour  ca- 
pable of  difplacing  atinofpheric  air . 


corref- 
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correfponding  to  the  changes  of  tem- 
perature to  which  the  whole  of  the  air 
it  contains  is  fubjeCted.  The  hygro- 
meter would  always  fhew  the  ftate  of 
the  air  under  experiment,  relatively 
to  the  watery  vapours,  and  the  appa- 
ratus, by  its  nature,  would  conftantly 
preferve  the  fame  degree  of  preffion 
on  the  air  fhut  up  in  it,  as  the  ambi- 
ent atmofpheric  air  fupported.  I look 
upon  this  laft  circumftance'as  very  im- 
portant, and  no  manometric  appara- 
tus known  to  me  poffeffes  it.  Thefe 
experiments  will  foon  become  the 
fubject  of  a work,  in  which  I have 
been  long  occupied,  directed  particu- 
larly towards  perfecting  the  meafure- 
mént  of  heights  by  the  barometer. 


CHAP. 
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CHAP.  VI. 

Experiments  in  the  dry  and  moifi 
Vacuum  filled  with  the  Vapour  of 
Ether — With  electric  Fluid. 


2ftn4erie§  89"  PREVIOUS  to  theinveftiga- 
ments.  tion  of  the  motion  of  fire  in  aeriform 
fluids,  it  was  neceffary  to  confider  it 
in  vacuo,  then  to  make  it  pafs  through 
watery  or  other  elaftic  vapours  intro- 
duced into  this  vacuum.  Thus  the 
modifications  of  fire,  obferved  in  thé 
mod  fimple  combinations,  would  be- 
come lefs  difficult  to  diftinguifh,  when 
I fhould  have  occafion  to  add  to  thefe 
elaftic  fluids,  whofe  nature  is  not  truly 
aerial,  either  atmofpheric  air  or  other 

perma- 
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permanently  elaftic  fluids,  whiqh  may 
all  contain  more  or  lefs  of  thefe  fame 
vapours.  The  experiments  made  in 
vacuo,  under  this  point  of  view,  form 
the  fubjed  of  the  prefent  chapter. 

§ 90.  I employed  for  the  exhauftion  Exhauflion 
of  the  ballon  two  different  air  pumps. ion. 

The  largenefs  of  the  pipe  of  the  firfl 
rendered  its  operation  rapid,  but  its 
conflrudion  did  not  allow  me  to  ob- 
tain thereby  the  degree  of  rarefadicn 
I defired.  I employed,  therefore,  for 
this  purpofe,  one  of  the  new  pumps 
made  by  Hunter  of  London.  This 
inftrument,  by  a particular  and  very 
ingenious  mechanifm,  fupplies  the  de- 
fed:  of  elaflicity  in  the  laft  portions  cf 
air  remaining  in  the  receiver,  which 
are  unable  to  raife  the  valve  of  the 
common  pumps,  and  thus  remedies, 
to  a certain  point,  this  defed,  which 

hinders 
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hinders  us  from  obtaining,  in  thefe 
inftruments,  a very  confiderable  de- 
gree of  rarefaction.  But  even  by  this 
improved  machine  I have  never  been 
able  to  procure  a vacuum  in  the  globe, 
beyond  the  term  where  the  elaflicity 
of  the  remaining  fluid  fupported  the 
mercury  of  the  gage  at  i line  to  ; but 
I attribute  at  leaft  one  half  of  this 
effeCt  to  the  watery  elaftic  vapour 
which  remains  in  the  globe.  And  to 
obtain  even  this  degree  of  vacuum, 
it  was  neceflary  to  employ  the  follow- 
ing means  : having  gained  a certain 
degree  of  rarefaction  by  the  ordinary 
method,  I heated  the  globe  at  a clear 
fire,  until  the  thermometer  within  rofe 
to  40°.  At  this  temperature  I placed 
it  on  the  pump,  which  I worked  un- 
til the  mercury  in  the  gage  appeared 
ftationary. 


Notwith- 
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Notwithftanding  this  degree  of  ra* 
réfaction,  it  is  certain  that  Tome  wa- 
:ery  elaftic  vapour  ftill  exifted  in  the 
globe  ; becaufe  the  hygrometer  never 
:lefcended  lower  in  thefe  circumftan- 
:es  than  the  13  th  degree  above  the 
:erm  of  artificial  ficcity,  obtained  by 
means  of  alkalis,  chofen  by  Mr.  De 
Sauffure  as  the  inferior  extreme  of  his 
hygrometer  : befides,  it  is  known  that 
:his  elaftic  vapour  is  inexhauftible, 
md  that  it  is  reciprocally  produced 
md  deftroyed  by  the  alternate  motions 
)f  the  fucker.  However,  the  vacuum 
it  this  degree  of  the  hygrometer  may 
De  confidered  as  very  dry,  compared 
.vith  the  degrees  bordering  upon  the 
extremes  of  humidity,  in  which,  by 
.vay  of  oppofition,  I propofed  to  make 
:he  fame  experiments. 


M 


§91,  The 


( IÔ2  ) 

ixperi-  & a i.  The  particulars  I am  about 

ment  in  a J ; 1 

diy  vacuum  to  give  of  the  experiments  made  in 
the  dry  and  moift  vacuum,  will  ferve 
as  examples  of  the  manner  in  which  I 
proceeded  in  all  the  others,  whofe  de- 
tails 1 (hall  therefore  omit  and  only  (late 
the  comparifons  made  between  them. 
All  thefe  experiments  were  made  in 
my  cabinet  of  phyfic,  » in  which  I 
never  light  a fire.  This  chamber  s 
2i  feet  in  length,  and  14  in  breadth, 
and  thé  apparatus  was  placed  in  the 
middle.  That  the  combuftion  of  the 
tapers  might  be  as  uniform  as  pofiible 
during  the  experiment,  I allowed  them 
to  burn  fome  time  before  I adjufted 
them  at  the  focus  of  the  fpecula. 
And  I remained  at  the  fame  di fiance 
from  the  apparatus  the  whole  time  of 
the  experiments,  which  were  com- 
monly made  in  an  initial  temperature 

of 
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Srate  of  the  inftruments. 
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of  6 to  8 degrees.  In  the  following 
table  of  the  experiment  made  in  the 
dry  vacuum,  the  middle  column 
fhews  the  degrees  of  the  thermome- 
ter ; thofe  on  each  fide  fhew  the  hours, 
minutes,  and  féconds,  in  which  the 
mercury  reached  each  degree  of  the 
divifion  traced  upon  the  tube,  as  well 
afcending  as  defcending  ; and  the  two 
exterior  columns  mark  the  intervals, 
from  degree  to  degree,  in  féconds. 


Ma  § 9a.  On 


Remarks, 
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§ 92.  On  the  infpe&ion  of  the  co- 
lumn of  differences  in  the  procefs  of 
heating,  we  obferve  an  irregularity, 
owing  to  the  burning  of  the  tapers,  of 
which  I have  fpoken,  § 70;  and  we 
alfo  remark  that  the  intervals  from  1 9 to 
20,  and  from  20  to  21,  although  they 
approach  nearer  the  maximum  than  the 
two  preceding  intervals,  have  been 
traverfed  in  lefs  time,  becaufe  the  ta- 
pers burnt  better. 

It  may  likewife  be  noticed,  that  the 
firft  interval,  whether  in  the  procefs 
of  heating  or  of  cooling,  is  a little  longer 
than  that  which  immediately  follows. 
This  fact,  which  appears  ‘pretty  con- 
ftantly  in  the  courfe  of  my  experiments, 
may  be  explained  by  the  inertitude  of 
the  mercury  of  the  thermometer*. 

* Mufcnembroeck  had  obferved  it  in  his 

pyrometers  % 
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By  adding  the  time  elapfed  from 
one  degree  to  another  in  thefe  two  ex- 
periments, we  fee  that  the  thermome- 
ter employed  2064  féconds  in  mount- 
ing from  7°.  to  220.  where  it  arrived 
at  its  maximum,  and  2145  féconds 
in  defcending  from  210.  to  8°. 

But  I here  inform  my  reader,  that 
in  the  compajifon  I am  about  to  make 
of  the  refults  of  various  experiments, 

I fhall  always  exclude  the  extreme 
intervals  towards  the  maximum  of 
heat,  and  towards  the  laft  term  of  re- 
frigeration. The  motion  of  the  ther- 
mometer being  then  fo  flow,  as  necef- 
farily  to  render  the  obfervation  not 
exa£t. 

& oa,  ïn  order  to  repeat  the  fameExperi- 

• . . mem  in  the 

experiment  in  a mout  vacuum,  1 meift  vacu- 
waited  until  the  external  circumftances1"11' 
were  as  conformable  as  poflible  to  thole 
M 3 which 
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which  obtained  during  the  experiment 
in  the  dry  vacuum.  The  tapers  and 
every  other  part  of  the  apparatus  were 
the  fame  ; the  fides  and  interior  of  the 
globe  were  equally  tranfparent  in 
both  experiments.  I fupprefs  the 
particulars,  which  relate  to  the  intro- 
dudion  of  the  aqueous  vapour,  and 
to  fome  experiments  which  it  occa- 
fioned.  Thefe,  together  with  the 
phenomena  prefented  by  the  ethereal 
vapour,  in  fimilar  circumftances,  will 
make  the  fubjed  of  the  following 
chapter. 

The  table  of  the  experiment  in  the 
moift  vacuum  contains  two  additional 
columns,  defigned  for  the  hygrome- 
ter, whofe  variations  in  this  experi- 
ment are  worthy  notice,  although 
fcarcely  obfervable  in  the  former. 


The 
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The  procefs  of  heating  exhibits  ir- 
regularities of  the  fame  fort  as  thofe 
weobferved  in  the  aforegoing  expe- 
riments, and  they  are  clearly  owing 
to  the  unequal  combuftion  of  the 
tapers. 

S oi.  The  difference  of  moi{lureComParî' 

J ^ 4 . Ton  of  the 

in  the  two  experiments  we  are  goingt^o  ex?e- 

A r rinjents. 

to  compare.,  anfwers  to  76°  Or  the 
hygrometer,  which  was  at  170  in  the 
former,  and  at  93°  in  the  beginning 
of  the  laft  experiment.  The  watery 
vapour  introduced  into  the  ballon 
adted  upon  the  gage  with  a predion, 
capable  of  fuftaining  a column  of 
mercury  of  3Tb  lines,  at  the  mean 
heat  of  the  experiment  ; for,  although 
no  air  had  been  introduced,  we  ob- 
ferved  the  gage,  in  the  fécond  expe- 
riment, at  4°,5  ; whereas  it  was  only 
at  j°,4  in  the-firft. 

M 4 


The 


( i68  ) 

The  progrefs  of  the  hygrometer  is 
nearly  what  might  have  been  forefeen 
from  a knowledge  of  the  excellent 
experiments  of  Mr.  De  Saufiure,  and 
from  what  has  been  faid  (§  71)  con- 
cerning the  mean  heat  of  the  interior 
of  the  globe. 

The  following  table  {hews  the  com- 
parifon  of  the  two  experiments. 
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Heating. 

Cooling. 

Dry 

vacuum. 

Moift 

vacuum. 

Degrees. 

Dry 

vacuum. 

Moi  it 
vacuum . 

99." 

86." 

7- 

8. 

93- 

74» 

9- 

Soy." 

585." 

100. 

64. 

10. 

313- 

310. 

97- 

64. 

11. 

2 $o. 

243- 

97- 

84. 

12. 

200. 

197. 

IOI* 

97* 

13- 

158. 

171. 

96. 

99. 

14. 

127. 

130. 

IOI. 

82. 

XS* 

Ir5* 

121. 

135. 

103. 

16. 

102. 

1 *3* 

143- 

128. 

*7* 

90. 

94- 

167. 

238. 

18. 

80. 

84. 

190. 

20  5. 

19. 

68. 

86. 

147* 

140. 

20. 

65. 

60. 

^3- 

345- 

270. 

21. 

22. 

70. 

2^64. 

ï732. 

2145- 

2194. 

1719. 

1462. 

1638. 

1609. 

Total  duration* 
um,  omitting 
the  lait  interval. 


In  the  heat- 
ing. 
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§ 95.  Let  us  fir  ft  confider  the  heat- 
ing : We  obferve  the  maximum  at  2 1 0 
in  the  moift,  and  at  22°  in  die  dry 
vacuum.  This  refult  is  not  furprizing, 
as  it  is  eafily  to  be  conceived,  that 
the  watery  vapour,  dilfeminated  in 
the  globe,  ought  to  intercept  part  of 
the  radiant  heat  ; and  befides,  as  it 
prefents  a body  whofe  fpecific  heat  is 
greater  than  the  fpecific  heat  of  the 
vacuum,  it  would  abforb  more  effi- 
cacioufly  the  fire  of  the  thermometer 
as  it  arrived,  and  would  prevent  it 
from  acquiring  that  degree  of  tenfion 
in  the  inftrument  which  it  would  have 
acquired  in  a pure  vacuum. 

The  more  fpeedy  heating,  which 
took  place  in  the  moift  vacuum,  would 
feem  to  contradict  this  explanation,  if 
we  could  not  reafonably  impute  the 
difference  to  the  unequal  combuftion 

of 
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of  the  tapers,  of  which  we  have  feen 
indubitable  proofs  in  the  procefs  of 
heating.  And  I confider  myfelf  the 
more  authorized  to  attribute  it  to  this 
caufe,  as  in  a forrjier  experiment 
(19th  Novr.  1785)  made  in  a dry 
vacuum,  I obtained  the  fame  maxi- 
mum of  220  in  a fpace  of  1700  fé- 
conds, or  in  1450  féconds,  if  we 
omit  the  interval  which  preceded  the 
maximum.  Thefe  numbers  approach 
very  near  their  correfpondent  numbers 
1722  and  1462,  which  I obtained  in 
the  moift  vacuum  ; and  I fhould  have 
chofen  this  experiment  for  my  compa- 
rifon,  if  the  vacuum  had  not  been 
lefs  perfeft  by  k line. 

§ 96.  The  duration  of  the  cooling  And  in  the 
was  41  féconds,  or  about  tk  longer  in coolins* 
the  moift  vacuum  ; and  yet  two  cir- 
cumftances  Ihould  have  contributed 


to 
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to  accelerate  the  refrigeration  in  this 
experiment.  ill,  The  thermometer 
rofe  to  2i°.  only,  and  in  the  dry  va- 
cuum it  rofe  to  22°.  2nd,  The 
whole  duration  of  the  heating  was 
2064."  in  the  dry,  and  only  i732//  in 
the  moift  vacuum  ; by  which  means, 
the  thermometer,  the  fpace  within  the 
ballon,  and  the  fides  of  it  alfo,  ought 
to  have  accumulated  much  more  heat 
in  the  firft  experiment  ; and  yet  the 
cooling  of  the  thermometer  was 
quicker  in  the  dry  than  in  the  moift 
vacuum,  which  I endeavour  to  ac- 
count for  in  the  following  manner  : 
This  propagated  heat,  which  refults 
from  the  affinity  of  aggregation  be- 
tween the  fire  and  the  watery  mole- 
cules, and  which  has  fo  much  dimi- 
nifhed  the  radiant  he;.t  upon  the  ther- 
mometer, feems  to  me  to  explain  the 

flownefs 
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flownefs  of  the  refrigeration  ; for  the 
fire  difiem mated  in  the  vapour,  is  re- 
tained, by  virtue  or  this  amnity,  with 
a certain  energy  ; and  confequently 
the  rupture  of  equilibrium  between 
the  fire  of  the  thermometer,  and  that 
which  is  diffufed  in  the  furrounding 
medium  is  fo  much  lefs,  and  the  cool- 
ing of  the  thermometer  neceflàrïly  fo 
much  flower  *. 

§ 97.  Having 

* In  a courfe  of  experiments  made  by- 
Mr.  Benjamin  Thompfon,  on  the  conductive 
faculty  of  a vacuum,  and  of  dry  and  moifl  air, 
(Phil.  Tranfac.  1780,  2nd  part)  he  agrees  with 
me,  that  a vacuum  does  not  conduct  fo  well  as 
air  : but  he  finds,  on  the  other  hand,  that  moifl 
air  condudls  better  than  dry.  I was  much  fur- 
prifed  on  reading  this  remark  ; but  I foon  dis- 
covered the  reafon  of  it,  in  the  very  method 
the  author  employed  in  thefe  experiments.  His 
apparatus  confifled  of  a thermometer  inclofed 


( 174  ) 

fnXmÔift  § 97-  Having  thus  tried,  to  a cer- 
cnumCal  va"  La*n  degree,  t^ie  influence  of  watery 
vapours  introduced  into  the  vacuum, 

upon 


in  a globe  of  glafs  of  a much  larger  diameter  ; 
he  plunged  the  globe  alternately  into  ice  and 
boiling  water,  and  obferved  the  time  of  the 
heating  and  cooling  of  the  thermometer  ; but 
in  his  experiments  on  mcift  air,  he  hume&ed 
the  air  by  wetting  the  infide  of  the  globe  which 
contained  the  thermometer  u furrounded  by  air 
4‘  rendered  as  moift  as  pojjibie  by  wetting  the  inf  de 
44  of  the  cylinder  and  globe  with  water” 

Now  it  may  eafily  be  conceived  that  this 
water  fuddenly  converted  into  an  elaftic  fluid 
by  the  heat  of  boiling  water,  is  thrown  upon 
the  thermometer  with  that  energy  which  it  is 
known  this  mixt  fluid  is  capable  of  exerting  in 
thefe  circumAances,  and  depofites,  in  falling 
upon  the  thermometer,  the  hear  of  evaporation 
it  had  acquired  by  its  contact  with  the  interior 
furiaceof  the  glafs.  The  circumflances,  there- 
fore, of  our  experiments  are  not  flmilar  ; but 

whoever 
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upon  the  cooling  of  the  thermometer 
placed  in  the  middle  of  them,  I was 
defirous  of  trying  the  efFeft  of  the  va- 
pour of  vitriolic  ether,  which  may  be 
confidered  as  of  an  oily  nature.  The 
following  chapter  contains  the  parti- 
culars of  the  introduftion  of  thefe 
vapours,  and  the  phenomena  which 
accompanied  it.  It  will  be  fufficient 
to  obferve  here,  that  I could  not  ob- 
tain a dry  and  ethereal  vacuum  at  the 
fame  time  ; becaufe  the  water,  which 
makes  an  integral  part  of  ether,  how- 
ever well  it  may  be  rectified,  enters 
with  it  into  the  ballon. 

whoever  will  read  Mr.  Thompfon’s  excellent 
memoir,  will  fee,  that  every  time  the  experi- 
ment has  been  made  in  degrees  of  heat  much 
below  boiling  water,  the  refults  agree  with 
mine,  that  is,  that  moift  air  is  proved  to  be  not 
fo  good  a condudtor  of  fire  as  dry  air. 


It 
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It  may  be  obferved  in  the  following 
table,  that  the  progrefs  of  heating  is 
fomewhat  irregular,  which  may  be 
attributed  partly  to  the  defeats  of  the 
tapers,  and  partly  to  imperfedt  obfer- 
vation.  The  ethereal  vapour  liquified 
and  extended  the  varnifh,  with  which 
the  divifions  on  the  tube  of  the  ther- 
mometer were  then  traced,  and  ren- 
dered it  impoffible  to  obferve  with 
precifion.  I even  fufpeft  that  an  er- 
ror of  a minute  has  occurred  between 
the  nth  and  12th  degrees  of  the 

O 

thermometer.  The  courfe  of  the  hy- 
grometer feems  to  approach  that  ob- 
ferved in  the  moift  fimple  vacuum. 
The  height  of  the  gage  declares  the 
elafticity  of  the  ethereal  vapour,  to 
which  its  elevation  is  folely  owing,  as 
no  air  had  entered  the  globe. 


State 
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State  of  the  inftruments. 

bciorc  the  expci  iinent. 

Aiii.r  the  experiment. 

Within  the  Ther . Hygr 

. Gage 

Tber.  Hygr . Gage . 

ballon  8,4.  96. 

11, S 

9.  96.  ii,6. 

Withont  the 

ballon  8,5.  80. 

. . . 

9.  79.  . . 

. 

Heating. 

Cooling. 

Difference  from  one 

Difference  from  one 

Hygro- 

degree  to  another  in 

Degrees. 

degree  to  another  in 

Hygro- 

meter. 

féconds. 

féconds. 

meter. 

96. 

8,4. 

83  " 

95- 

9- 

87. 

94,5* 

10. 

95- 

98. 

0 

CO 

94,  a. 

11. 

94- 

67. 

305. 

93,8. 

12. 

93,5* 

122. 

3cs. 

93,7- 

13* 

9i,  9- 

95» 

185. 

93,3- 

14. 

92,6. 

85. 

165. 

93,2. 

*5- 

92,2. 

*33* 

136. 

92,8. 

16. 

92,1* 

T34* 

135* 

92,5- 

17. 

91,8. 

17  6. 

in. 

92,°. 

18. 

9M- 

180. 

83. 

91,6. 

19. 

91,4. 

159- 

75. 

9M- 

20. 

6 [,o. 

206. 

90. 

91,2» 

21. 

I75*  1 

\ 

91- 

21J. 

maximum. 

800." 

! 

O 

O 

duration  of  the 

duration  of  the 

heat’ng. 

cooling. 
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Ccmpari-  S q8.  We  have  now  to  compare 
two  experi-two  experiments  to  difcover  the  influ- 
the  fimpie  ence  of  the  ethereal  vapour.  That  of 
ai  vacuum.  § 77>  made  in  the  moilt  vacuum,  the 
hygrometer  at  93e,  and  the  laft  in  a 
vacuum  at  the  fame  time  moilt  and' 
ethereal.  The  moifeure  of  the  vacu- 
um was  fomewhat  greater  in  this,  than 
in  the  former  experiment  ; in  other 
refpeéts,  the  circumftances  were  nearly 
fimilar.  The  point  of  departure  was 
70  in  the  firft,  and  in  the  laft  8°, 4; 
but  although  it  commenced  at  this 
degree,  I have  fupprefted  the  firft  in- 
terval to  avoid  reductions,  and  I only 
compare  the  correfponding  degrees. 
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Heating. 

Cooling-. 

Moi  ft 
limp  le 
vacuum. 

Moift 

ethereal 

vacuum. 

Degrees. 

Moift 

fimpie 

vacuum. 

Mom 

ethereal 

vacuum. 

64  » 

87." 

9- 

10. 

3io.// 

64. 

98. 

ri. 

243* 

0 

CO 

82. 

67. 

12. 

197- 

305. 

97- 

122. 

T3- 

171. 

305. 

99. 

95- 

14. 

r3°* 

1S5. 

82. 

85. 

121. 

165. 

103. 

I33* 

16. 

113. 

136. 

128. 

r34\ 

I7# 

94. 

*35-  s 

» 

00 

176. 

18. 

84. 

1 11. 

205. 

180. 

19. 

86. 

83. 

140. 

I59* 

20. 

60. 

75- 

270. 

206. 

21. 

90. 

*57*- 

1542. 

l609. 

2070. 

1302. 

1336. 

I299. 

1590. 

N 2 


Total  duration. 

Sums,  omitting 
the  lait  interval. 
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The  maximum  appears  the  fame, 
within  | of  a degree  in  the  two  expe- 
riments. But,  in  fadt,  the  thermo- 
meter rofe  lefs  in  the  ethereal  vacuum, 
by  reafon  of  the  fmaller  di  dance  from 
the  point  of  departure,  which,  we 
have  obferved,  was  about  two  degrees 
higher  in  this  than  in  the  former. 

The  duration  of  the  heating  was 
nearly  equal,  and  we  (ball  fee,  by 
the  difference  in  the  cooling,  that  this 
equality  is  probably  owing  to  the 
compenfation  of  two  oppofite  effects. 
The  radiant  fire  certainly  arrived  with 
more  difficulty  through  the  aeriform 
ether,  than  through  the  fimple  watery 
fluid,  and  for  this  reafon  the  heating 
ought  to  have  been  flower.  But  the 
ethereal  vapour,  being  more  difficultly 
permeable,  would  retain  more  effica- 
cioufly,  in  the  thermometer,  the  fire 

which 
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which  tended  to  efcape,  in  proportion 
as  it  accumulated. 

In  comparing  the  refrigerations,  we 
cannot  oppofe,  one  by  one,  the  in- 
tervals elapfed  between  fimilar  de- 
grees of  the  thermometer,  becaufe 
the  whole  extent  is  two  degrees  more 
confiderable  in  the  firft  than  in  the 
fécond  experiment  ; but  by  comparing 
the  fums,  and  omitting,  as  ufual,  the 
laft  intervals,  I find  the  cooling  of 
the  fame  number  of  degrees,  reckon- 
ing from  the  maximum , lafted  1299 
féconds  in  the  moift  vacuum,  and 
1 590  in  the  moift  ethereal  vacuum  ; 
that  is,  it  was  nearly  a quarter  dower 
in  this  laft  cafe. 

And  yet  this  is  the  lead  poffible 
difference  ; for  if  I had  confidered  as 
the  laft  interval  of  refrigeration  in  the 
moift  vacuum,  not  the  number  3 1 0/ 
N 3 which 
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which  expreffes  the  cooling  between 
90  and  io°,  but  the  number  585", 
the  duration  of  the  cooling  between 
8°  and  90,  and  truly  the  laft  interval; 
we  fhoulcl  have  had  the  comparilbn 
of  the  cooling  in  the  moift  vacuum 
e^preffed  by  the  numbers  1024  and 
1590;  that  is,  the  cooling,  in  this 
laft  cafe,  would  have  been  about  one 
half  flower  than  in  the  fimple  moift 
vacuum.  This  difference  is  indeed 
confiderable. 

It  is  not  furely  to  the  fpecific  heat 
of  the  ethereal  vapour,  that  we  ought 
to  attribute  this  enormous  difference, 
but  rather  to  the  difficult  permeability 
of  this  vapour  to  liberated  fire.  The 
abfolute  quantity  of  fire  introduced 
into  the  globe  was  nearly  the  fame  in 
both  experiments,  fince  their  total 
durations  only  differ  30  féconds,  and 

even 
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even  this  difference  is  in  a contrary 
fenfe  to  that  which  would  tend  to  ex- 
plain the  difference  of  thefe  refults 
by  the  quantity  of  fire  introduced. 

It  is  probable,  therefore,  that  the  fire 
is  not  retained  in  the  ethereal  vapour 
by  affinity,  as  the  fpecific  heat  of 
ether  not  being  fo  great  as  that  of 
water,,  it  is  likely  that  the  fame  pro- 
portion fubfifts  in  a ftate  of  vapour. 

I prefume  that  the  ethereal  vapour 
aéts  as  an  oily  fubftance,  and  we 
know  that  thefe  fubftances  are  very 
bad  conduftors  of  heat.  It  is,  there- 
fore, from  the  difficulty  which  fire 
experiences  in  traverfing  a vapour  of 
this  nature,  that  it  fo  flowly  quits  the 
thermometer. 

§ 99.  After  thefe  experiments  onEfrmofthe 
the  ethereal  vapour,  I propofed  to  try,  pour  on  !he 
in  the  fame  manner,  the  effeft  of  fpi-aFpsliUUS' 
N 4 rituous 
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rituous  vapours,  obtained  from  fpirit 
of  wine.  But  the  ethereal  vapour  had 
attacked  the  varnilh  in  every  part  of 
the  infide  of  my  apparatus,  fo  that  it 
became  neceftary  to  fufpend  my  ex- 
periments, in  order  to  repair  it.  The 
hair  of  the  hygrometer,  deeply  im- 
pregnated by  this  oily  vapour,  had 
loft  its  ft  nftbi'ity,  and  I was  obliged 
to  fubftitute  another.  I feared  left 
thefe  inconveniences  Ihould  recur,  in 
fome  degree,  during  my  intended  ex- 
periments on  fpirituous  vapours  ; I 
therefore  renounced  them,  to  examine 
the  define  fluid,  which,  at  the  fame 
time,  prefented  me  with  an  attracting 
novelty. 

Apparatus  § ioo.  I am  in  pofteftion  of  an  ex- 
msntson  cellent  deflrical  machine,  whofe  cy- 
fiuid.'eanC  linder,  made  by  the  famous  Parker  of 
London,  is  53  inches  in  circumfe- 
rence. 
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ference,  and  23  inches  long.  The 
glafs  is  very  eledtric,  and  when  it  is  in 
order,  and  the  weather  favourable,  I 
can  draw  fparks  of  fome  denfity  from 
the  extremity  of  the  conductor,  at  the 
diftance  of  1 5 inches. 

The  general  difpofition  of  the  ap- 
paratus was  the  fame  as  during  the 
preceding  experiments;  the  globe, 
placed  zi  feet  from  the  conductor  of 
the  eleftrical  machine,  was  fupplied 
with  electric  fluid  by  a metallic  com- 
munication, connected  w h the  brefs 
ring  which  furrounded  the  neck  of 
the  globe,  and  the  board  that  fup- 
ported  the  globe  and  the  two  tapers, 
inflead  of  being  placed  upon  the  tri- 
pod, as  in  fig.  2,  was  placed  upon  an 
infulated  ftand.  The  exhaufted  globe, 
thus  difpofed,  would  be  filled  with 
the  eledfric  fluid  as  long  as  the  expe- 
riment 


Firft  trial. 
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riment  of  heating  and  cooling  con- 
tinued. 

§ ioi.  I firft  examined  whether 
eledricity  alone  would  have  any  efFed 
upon  the  feveral  inftruments  contained 
in  the  globe.  The  inftruments  urere 
as  follows  : Thermom.  9°,9.  Hy- 
grom.  1 2°, 8.  Gage  1,75.  Eledrom. 
o.  1 eledrified  during  five  minutes, 
and  faw  no  movement  in  any  of  the 
inftruments.  It  will,  without  doubt, 
be  thought  furprifing,  that  the  elec- 
trometer, although  very  fenfible,  did 
not  diverge  ; but  if  we  refled,  that 
the  ballon  was  filled  within,  and  fur- 
rounded  without  by  a denfe  pofitive 
eledric  atmofphere,  and  that  the  in- 
ftrument  plunged  in  this  atmofphere 
could  not  be  deprived  of  its  natural 
eledricity,  our  furprize  will  ceafe. 


§102.  I 
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§ 102.  I now  made  two  confecu- EXper;- 

. * . r . . , ments  in 

tive  experiments  or  heating  and  cool-  the  clean- 
ing. The  firil  by  continually  eleétri-  non-Tiec- 
fying  the  apparatus,  and  the  fécond  va‘ 
without  electricity.  The  inftruments 
previous  to  thefe  experiments  were  as 
follows  : Hygrom.  130.  Gage  1,85. 
Thermom.  in  the  globe  + 9°,.  Ther- 
mom.  in  the  chamber  c>°  I omit 
the  experiments  themfelves,  in  order 
to  give  their  comparative  refults. 
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§ 103.  It  is  very  remarkable,  that  Remarks, 
the  procefs  of  heating  was  more  fpeedy 
by  nearly  one  third  in  the  eleétrified 
than  in  the  Ample  vacuum  ; and  this 
difference  is  maintained  from  degree 
to  degree  in  an  unqueflionable  man- 
ner. 

This  circumftance  will  appear  dill 
more  extraordinary,  if  we  confider, 
that  this  fpeedy  heating  was  produced 
by  a calorific  caufe,  whofe  energy 
was  manifeftly  weaker;  for,  in  this 
laft  experiment,  the  electricity  which 
efcaped  by  the  tapers  caufed  an  in- 
conflancy  in  their  flame,  and  in  gene- 
ral they  burnt  very  ill.  Hence,  al- 
though the  heating  caufe  aCted  more 
fpeedily,  it  had  lefs  abfolute  denfity 
in  the  electrified  vacuum,  where  the 
thermometer  rofe  only  to  17°»,  than 


in 
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in  the  fimple  vacuum,  where  it  rofe 
to  20? . 

This  fadt  may  be  explained,  by 
fuppofing  that  the  eledtric  adtion  pro- 
duced a certain  heat,  which,  uniting 
with  the  calorific  emanation  of  the  ta- 
pers, augmented  their  effedt  to  a cer- 
tain point  ; but  the  heat,  thus  pro- 
duced, being  confined  in  the  extent 
of  its  adtion,  could  not  influence  the 
maximum , which  was  diminifhed  by 
the  imperfedt  combuftion  of  the  ta- 
pers. 

As  to  the  refrigeration,  the  obfer- 
vation  marked  by  an  afteriik  appears 
to  merit  rejedtion.  Nor  ought  we  to 
compare  the  firft  degree  of  this  pro- 
cefs,  from  170  to  160  in  the  eledtri- 
fied  vacuum,  with  the  correfponding 
degree  of  the  other  feries  ; feeing, 

that 
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that  the  firft:  degree  of  refrigeration  is 
always  flower,  from  a kind  of  ftagna- 
tion  which  the  fire  experiences  when 
the  courfe  of  its  direction  is  changed  ; 
finally,  we  ought  to  rejeéf,  as  we  have 
always  done,  the  laft  interval  of  the 
cooling.  There  will,  therefore,  re- 
main only  three  degrees  to  be  com- 
pared, which  offer  nearly  a fimilar 
progreffion. 

§ 104.  Thefe  firft  refults  led  to  a Repetition 
difcovery  of  facts  too  interefting  formers Lfa* 
me  to  negleét  repeating  and  varying  !aixd‘ 
the  experiment  which  had  furnifhed. 
them.  I therefore  repeated,  as  foon 
as  poffible,  the  fame  experiment, 
with  this  difference  only,  that  I now 
infulated  the  tapers,  by  placing  them 
on  large  glafs  falvers,  varnifhed  with 
copal.  The  inftruments  were  as  fol- 
low : 
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low:  Thermom.  + 90  Gage  1585. 
Thermom.  in  the  chamber  9°,5. 

I omit  the  detail,  and  give  only 
the  refait,  as  in  the  preceding  expe- 
riment. 
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Remarks.  § 105.  In  this  experiment  with  the 
tapers  infulated,  the  difference  in  the 
promptitude  of  the  heating  between 
the  electrified  and  fimple  vacuum  dis- 
appeared ; but  we  find  a variation  in 
the  oppofite  fenfe,  viz.  the  thermo- 
meter in  the  fimple  vacuum  traverfed 
the  intervals  from  90.  to  190.  more 
quickly  than  in  the  electrified  vacu- 
um, in  the  proportion  of  965"  to 
1050". 

The  thermometer  rofe  4 degrees 
higher  in  the  fimple  than  in  the  elec- 
trified vacuum.  • This  faCt  was  eafily 
forefeen  ; becaufe,  notwithftanding  the 
infulation  of  the  tapers,  they  were 
too  much  affeCted  by  the  denfe  elec- 
tric atmofphere  to  burn  fo  well  du- 
ring the  time  the  eleCtrical  machine 
was  in  aCtion,  as  during  the  time  it 
was  in  repofe. 

%he 
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The  refrigerations,  compared  in  the 
correfpondent  intervals,  appear  more 
flow  in  the  electrified  than  in  the  fim- 
ple  vacuum,  in  the  proportion  of 
1410"  to  1285"  viz.  about  tV.  Was 
this  occafioned  by  the  eleCtric  fluid 
entering  the  globe  united  to  the  fire, 
which  became  its  deferent  fluid,  and 
acquired  intenfity  by  that  union,  or 
was  it  a confequence  of  the  difficult 
permeability  of  the  eleCtric  fluid  to 
fire  ? Befides,  the  progrefs  of  the  re- 
frigeration offers  ftriking  irregularities, 
of  which  I know  not  the  caufe,  as 
they  even  exceed  the  bounds  of  im- 
perfection in  the  obfervations  them- 
felves. 

§ 106.  To  know  whether  thefe  new  3J  experi- 
refults  ought  to  be  imputed  to  the  in- ^”4 'no!' 
fulation  of  the  tapers,  it  was  neceflary  mflllated- 
to  repeat  the  experiment  in  the  fame 
O 2 circum- 
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circumftances  as  in  the  firtl  effay  of 
this  kind,  which  was  accordingly  exe- 
cuted, with  this  difference  only,  that 
I was  obliged  to  employ  new  tapers, 
the  former  being  confumed.  I made 
two  confecutive  experiments  of  heat- 
ing and  cooling  ; firft  without  electri- 
fying, and  then  by  electrifying  con- 
tinually. The  refults  were  as  follows  : 
Therm.  9,5  Hygrom.  150.  Gage  1,8. 
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§ 107.  We  here  find  a refult  of  the 
fame  kind  as  in  the  firft  experiment, 
but  in  a final  1er  degree.  The  electric 
force  accelerated  the  heating  in  the 
proportion  of  1190."  to  1350,"  omit- 
ting the  lad  intervals,  which  would 
frill  increafe  this  difference.  The  max* 
imum  was  the  fame  in  both  cafes,  viz. 
23k  It  is  true,  that  in  the  electrical 
experiment,  the  temperature  of  the 
chamber  was  one  degree  higher, 
which  muff  have  influenced  the  maxi- 
mum. The  refrigerations  made  a pro- 
greffion  nearly  parallel,  and  much  le(s 
irregular  than  in  the  experiment,  § 87. 
It  may  here  be  obferved,  that  when 
there  are  no  real  caufes  of  irregularity, 
the  uncertainty  in  the  obfervation  is 
reduced  to  very  narrow  limits. 

Conjectures  § Io8-  If  we  maybe  permitted  to 
on  this  fub-  rea{bn  on  the  refults  whieh  are  offered 

KCt. 

by 
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by  the  fix  experiments  that  have  been' 
compared  : if  we  may  admit  what 
they  feem  to  indicate,  viz.  that  the 
thermometer  is  more  rapidly  heated, 
when  a continual  eledric  force  is  joined 
to  the  adion  of  the  uninfulated  tapers, 
and  that  it  cools  more  flowly  in  the 
eledrified  recipient  when  the  tapers 
are  infulated  ; perhaps  thefe  fads 
would  not  remain  without  a plaufible 
explanation.  In  the  cafe  of  the  tapers 
not  being  infulated,  the  eledric  fluid 
arrives  by  preference  at  the  flame  of 
the  taper,  and  there  forms  an  emana- 
tion ; this  emanation  mingles  with  the 
hot  and  luminous  emanations  emitted 
by  the  tapers,  and  may  be  partly  re- 
fleded  with  them,  confidering  that 
the  mirrors  themfelves  are  plunged  in 
the  fame  eledric  atmofphere,  and  are 
in  fome  degree  infulated  ; probably 
O 4 thé 


( 200  ) 

the  eleftric  fluid  itfelf  being  thus  in- 
troduced into  the  globe,  may  develop 
heat,  or  a luminous  quality  capable 
of  exciting  heat. 

In  the  experiment  with  infulated 
tapers,  their  flame  does  not  receive 
more  electric  fluid  than  the  reft  of  the 
apparatus,  nor  more  than  a propor- 
tional part  of  the  eleftric  atmofphere 
which  furrounds  the  globe,  and  there- 
fore, not  being  radiated  at  the  focus 
of  the  calorific  emanation,  is  not  in 
the  courfe  of  being  reflected  to  the 
centre  of  the  ballon. 


CHAP. 
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CHAP.  VIL 

Experiments  relating  to  Evapora- 
tion, and  to  Hygrometry  in  gene- 
ral. 

§ 109.  I HAVE  already  obfervedjSenfibiiity 

\ , . , • of  the  hair 

that  the  experiments  made  in  vacuo,  hygrometer 
had  prefented  fome  interefting  fadts, 
which  I think  it  now  time  to  particu- 
larize. They  belong  for  the  moft 
part  to  hygrometry,  and  have  (hewn 
me  the  ineftimable  value  of  the  pre- 
font  Mr.  De  Sauffure  has  made  to  na- 
tural philofophers  in  giving  them  the 
hair  hygrometer. 

That  my  readers  may  form  an  idea 
of  the  advantages  of  this  inftrument, 

I fhall  begin  by  relating  the  experi- 
ment 
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ment  I previoufly  made  with  an  in- 
tention to  try  the  fenfibility  of  the 
hygrometer  within  the  globe. 

I feparated  the  hygrometer  from 
the  reft  of  the  apparatus,  and  em- 
ployed a glafs  cylinder,  humected 
within  after  the  manner  of  Mr.  De 
Sauflure,  in  order  to  expofe  the  in- 
finiment alternately,  and  as  rapidly 
as  poffible,  to  extreme  moifture,  and 
to  the  drynefs  of  the  air  in  which  I 
operated.  I firft  reduced  the  hygro- 
meter to  ioo  or  extreme  moifture, 
under  the  wet  cylinder,  and  then  fud- 
denly  removing  the  glafs,  I obferved 
the  following  progreffion,  and  noted 
the  intervals  of  time  which  the  needle 
of  the  hygrometer  required  for  every 
5 degrees. 


From 
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From  ioo°.  to 

95° 

4 fee 

95' 

90 

4* 

90 

85 

Si 

85 

80 

13 

80 

15 

40 

In  all  from  100  to 

15' 

*<r 

O 

ct? 

0 

• 

It  is  obfervable,  that  the  inftrument 
required  little  more  than  a minute  to 
pafs  from  extreme  moifture  to  the 
hygrométrie  degree  of  the  air  of  the 
chamber,  which  was  in  faét  about 
75  degrees*  The  hygrometer  being 
ftationary,  I again  covered  the  inftru- 
ment with  the  wet  cylinder,  and  ob- 
ferved  for  every  five  degrees  the  fol- 
lowing intervals. 

From  750  to  8o°  4 fee. 

80  85  4-! 


From 


I 
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/ From  85  to  90 

9°  95 

95  100 

In  all  from  75  ico 


60  fee. 


Thus  it  appears  that  the  hair  is  im- 
pregnated fomewhat  more  quickly  in 
the  atmofphere  of  extreme  moifture, 
than  it  is  exficcated  in  the  open  and 
quiet  air.  But  in  both  cafes  the  tram 
fition  is  very  prompt.  It  is  likewife 
true,  that  of  all  the  hygrometers  which 
I have  employed  in  my  feveral  expe- 
riments, this  in  particular  poffeffed 
the  moft  eminent  degree  of  fenfibility. 
its  ordinary  § i io.  The  well-directed  inquiries 
by! fur. pie  of  Mr.  De  Sauffure  have  taught  us, 
tlen'r  "a"  that  temperature  has  a direct  influence 
on  the  degree  indicated  by  the  hygro- 
meter ; that  is,  in  proportion  as  a 

given 
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given  volume  of  air,  containing’  .a 
certain  quantity  of  water  in  a date  of 
elaftic  vapour  below  the  term  of  fatu- 
ration,  (ball  be  cooled,  the  hygrome- 
ter will  move  towards  humidity,  until 
it  arrives  at  the  term  of  extreme  moif- 
ture  ; that  it  will  (lop  there,  although 
the  cooling  fhould  continue  : but  that 
we  (hall  then  inftantly  obferve  the 
water  in  fubftance  deposited  in  form 
of  dew  upon  all  the  furrounding  folid 
bodies. 

Our  celebrated  author  explains  this 
movement  of  the  hygrometer  very 
naturally,  by  faying  that  the  prefence 
of  fire  augments  the  diffolving  force 
of  the  ambient  air,  and  that  its  ab- 
fence  diminilhes  the  fame,  and  renders 
the  air  lefs  capable  of  imbibing  the 
moifture  from  the  hair.  The  relative 
force  of  the  atmofpherical  air,  and  of 

/ the 


Remarka- 
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the  hair  of  the  hygrometer  to  attract  I 
the  aqueous  fluid  from  each  other  re-  | 
ciprocally,  varies  according  to  certain  * 
laws  dependant  on  their  refpeitive  , 
diftances  from  the  term  of  faturation. 
The  faits,  and  the  theory  derived  from 
them,  are  reprefented  in  the  mod  clear  . 
and  fatisfaitory  manner  in  the  work  I 
have  repeatedly  quoted. 

§ hi.  A ftriking  exception  to  this 
general  law  prefented  itfelf  at  my  firft 
experiment  in  vacuo.  And  as  it 
(hewed  me  how  aitive  and  energetic  a 
part  fire  ailed  in  'evaporation,  when 
unobftruited  by  the  air,  it  induced 
me  to  conclude,  that  it  may,  perhaps, 
be  the  only  agent  which  produces  the 
phenomena  of  evaporation,  and  that 
the  air  has  little  or  no  (hare  in  it. 
The  fait  is  as  follows  : 


On 
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On  the  third  of  January,  1786, 
my  globe  being  exhaufted  of  air,  and 
faturated  with  watery  vapour,  fo  that 
at  the  temperature  of  the  chamber, 
viz.  40  above  zero,  the  hygrometer 
marked  98 Q,  that  is,  extreme  moif- 
ture  ; no  dew  was  difcernible  upon  its 
inner  furface.  I removed  it  into  ano- 
ther chamber,  where  the  mercury  flood 
4 degrees  lower,  exactly  at  freezing 
point.  It  had  fcarcely  been  here  a 
minute,  before  the  dew  appeared, 
mixed  with  fome  concrete  drops,  but 
not  frozen.  The  dew  was  conftantly 
depofited  upon  that  fide  of  the  globe 
towards  the  neareft  window  of  the 
chamber;  a circumftance  of  which 
we  fhall  prefently  fee  the  reafon. 

In  this  ftate,  who  would  not  fuppofe 
that  the  hygrometer  remained  ftatio- 
naiy  at  the  term  of  faturation,  or  ex- 


treme 
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treme  moifture  ? It  was  with  furprize, 
therefore,  that  I faw  it  move  brifkly 
towards  ficcity  ; at  the  end  of  4 mi- 
nutes it  was  at  910.  only,  and  the 
thermometer  within  the  globe  was  de- 
scended one  degree.  The  hygrometer 
continued  to  move  towards  ficcity,  and 
aftèr  a few  minutes  was  at  89°. 

But  at  the  expiration  of  20  minutes, 
the  thermometer  being  defcended  to 
zero,  I found  the  hygrometer  again 
mounted  to  940.  and  in  5 minutes 
more  it  was  at  97 °A  where  it  remained 
ftationary.  Here  we  fee  the  hygro- 
meter advancing  towards  ficcity  in 
proportion  as  the  watery  vapour,  in 
which  it  was  plunged,  cooled;  and  we 
are  about  to  obferve  an  appearance  of 
the  fame  kind  in  the  contrary  cafe, 
but  in  an  inverfe  direction . 


§ 1x2.  As 
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§ 1 1 2.  At  prefent,  the  thermome- it  occurs  m 

i , , . , tw°  oppo- 

meter  in  the  globe  is  at  zero,  the  hy-  fite  cafes* 
grometer  at  c)j°i,  and  fome  dew  de- 
polked  within  upon  the  fide  next  to 
the  neareft  window,  I remove  the 
apparatus  from  this  temperature  into 
another  chamber,  where  the  thermo- 
meter is  at  + 6°.  and  where,  confe- 
quently,  the  globe  will  be  heated. 

At  the  inftant  of  its  arrival,  the  hy- 
grometer rofe  to  990, 3,  that  is,  it 
moved  fo  much  towards  moifture,  and 
remained  there  as  long  as  the  evapo- 
ration of  the  dew,  which  covered  a 
part  of  the  interior  of  the  globe,  con- 
tinued. As  foon  as  this  evaporation 
was  completed,  the  hygrometer  began 
to  move  towards  liccity,  although  the 
bulb  of  the  thermometer,  and  every 
part  of  the  apparatus,  which  occupied 
the  centre  of  the  globe,  were  covered, 

P in 
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in  turn,  with  the  dew.  By  degrees 
it  difappeared,  and  at  the  expiration 
of  three  hours,  the  thermometer  was 
at  70.  (the  temperature  of  the  cham- 
ber having  augmented  one  degree) 
the  hygrometer  at  90°,  and  the  dew 
no  longer  difcernible  within  the  globe. 

O O 


In  this  example,  then,  the  hygrome- 
ter begins  to  move  towards  moifture, 
when  the  globe  is  heated. 

Explication  & no.  I think  thefe  extraordinary 

of  thefe  ex-  * ^ 1 • J 

iraordmary  appearances  may  be  thus  explained. 

appeara  -cib.  globe  faturated  with  watery 

vapour,  we  have  three  fubftânces, 
viz.  watçr,  hair,  and  fire.  Let  us 
conlider  the  water  as  purely  paffive  ,* 
the  fire  and  the  hair  contend  for  the 
aqueous  fluid,  and  the  fire,  indepen- 
dent of  its  hygrométrie  or  cohefive 
affinity  with  water,  poflfefles  a loco- 
motive faculty  which  the  hair  does 

not. 
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not,  and  by  virtue  of  which  it  is  al- 
ways in  motion  towards  the  place 
where  its  tendency  to  equilibrium  in- 
vites it  ; that  is,  from  hotter  to  colder  : 
in  thefe  movements  it  carries  the  water 
along  with  it,  and,  when  once  it  has 
reduced  this  liquid  to  a date  of  elaftic 
vapour,  it  is  momentally  united  with 
it  ; to-  ufe  the  happy  expreffion  of 
Mr.  De  Luc,  it  becomes  its  deferent 
fluid. 

When,  therefore,  in  a temperature 
of  + 4,  the  hygrometer  is  at  98.  and 
no  water  in  fubftance  is  vifible  in  any 
part  of  the  globe,  it  (hews  that  both 
the  Are  and  die  hair  retain  as  much 
water  as  poflible  in  a flate  which 
Mr.  De  Sauflure  calls  pure  elaflic  va* 
pour  ; for  it  is  in  this  flate  only,  viz. 
when  united  to  the  fire  of  evaporation* 
shat  water  penetrates  the  hair  in  the 
P 2 true 
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true  hygrométrie  modifications  *'•  The 
fire  is  actually  in  a {fate  of  repofe  and 
equilibrium,  nor  tends  to  move  to- 
wards any  fide,  becaufe  I fuppofe  the 
temperature  within  and  without  the 
globe  to  be  alike. 

But  as  foon  as  the  whole  apparatus 
is  removed  into  a colder  chamber, 
the  equilibrium  is  deftroyed,  the  fire 
has  a tendency  to  re-eftablifli  it,  and 

* Mr.  De  Luc  did  not,  perhaps,  pay  fuffi- 
eient  attention  to  this  principle  of  hygrometry, 
when  he  fought  the  extreme  term  of  his  hy- 
grometer in  water,  in  (lead  of  faturated  air  ; for 
it  is  not  in  a ftate  of  water , but  of  watery 
elajlic  vapour,  that  this  element  is  united  with 
the  air,  or  with  whatever  aeriform  fluids  we 
apply  the  hygrometer  to  ; and  whenever  the 
air  contains  water  in  fubftance,  it  either  rains 
or  is  foggy,  and  then  the  hygrometer  teaches 
us  nothing  tiu*t  we  do  not  know  or  fee  with- 
out it*  - 


inftantly 
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inftantly  moves  from  the  centre  to  the 
circumference  of  the  globe  ; it  quits 
the  hair  in  particular,  and  carries  with 
it  a part  of  the  elaftic  watery  fluid.  In 
confequence  of  this  fudden  departure 
of  the  vapour  which  moiftened  the 
hair,  the  hygrometer  moves  towards 
ficcity.  The  deferent  fluid  which  car- 
ries away  this  vapour,  both  from  the 
hair  and  from  the  medium  that  held, 
it  fufpended  within  the  globe,  pene- 
trates the  giafs,  but  not  being  able  to 
convey  the  aqueous  fluid  through  this 
fubftance,  it  is  neceffarily  depofited 
on  the  interior  furface,  on  all  hides  in- 
differently, provided  the  chamber, 
to  which  the  globe  has  been  removed, 
be  equally  cold  in  every  part.  But 
when  it  is  colder  without  doors  than 
in  the  apartment,  the  vapour  will  be 
depofited  on  that  fide  which  happens 
P 3 to 
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to  be  neareft  to  the  window  of  the 
chamber*.  And  in  general  we  can 
diredt  this  appearance  of  dew  to  what- 
ever fide  we  pleafe,  by  the  approach- 
ing of  any  cold  body.  I have  feveral 
times  fucceeded  in  making  the  hygro- 
meter at  the  centre  of  the  globe  move 
fome  degrees  towards  ficcity  by  apply- 
ing a piece  of  ice  to  the  outfide. 

But  the  equilibrium  between  the 
hygrométrie  force  of  the  fire,  and  of 
the  hair,  is  foon  re-eftablifhed  in  this 
new  temperature.  The  excefs  of 
water  isdepofited  in  the  form  of  dew^ 

* I know  not  whether  the  influence  that  de- 
termines the  fide  of  the  veflil  on  which  certain 
faline  vegetations  form,  although  it  may  have 
been  imputed  to  light,  might  not  morejultly 
be  attributed  to  fire  operating  in  a manneT  ana- 
logous to  its  action  in  the  example  above  men- 
tioned. 
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the  fire  evaporates  the  reft,  and  dif* 
fufes  it  uniformly  in  the  interior  of  the 
globe  ; the  hair  abforbs  it  in  a lefs  ab- 
folute,  although  in  an  equal  relative, 
quantity,  and  by  degrees  it  returns  to 
the  term  of  extreme  moifture,  or  very 
near  it. 

In  thefe  circumftances,  let  us  re- 
move the  apparatus  from  the  cold  tem  - 
perature into  a hotter,  the  fire  will 
follow  an  oppofite  courfe.  It  now 
tends,  from  without,  inward,  and 
having  traverfed  the  glafs,  meets  im- 
mediately with  the  dew  that  lines  the 
infide,  is  impregnated  with  it,  be- 
comes its  deferent  fluid,  tranfports  it 
almoft  inftantaneoufly  to  the  centre  oi 
the  apparatus,  and  depofits  it  upon 
the  inftruments-which  are  there,  and 
which  itfelf  penetrates.  The  hygro- 
meter mounts  to  extreme  moifture,  if 
P 4 it 
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it  was  not  there  already,  and  remains 
ftationary  ; becaufe  the  water  in  fub- 
fiance,  depofited  upon  the  hair  in 
form  of  veficular  vapour,  does  not  af- 
fedt  it f#.  Finally,  the  quantity  of  fire 
which  arrives  and  accumulates  in  the 
globe,  evaporates  fucceffively  all  the 
water  it  encounters  ; we  no  longer 
perceive  any  dew,  and  the  hygrome- 
ter returns  to  ficcity.  It  remains  fta- 
tionary  at  the  degree  where  the 
hygrometrical  affinities  of  the  hair 
and  the  fire  acquire  an  equilibrium. 
This  degree  varies,  we  know,  accord- 
ing to  the  temperature,  or  what  I call 
the  tenfion  of  fire. 

They  take  § 1 1 4.  But  in  order  that  the  phe- 
in  vacuo,  noinena  may  fucceed  with  this  promp- 

Which  is  alfo  one  of  the  great  advantages 
>of  this  infiniment. 

titude. 
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titude,  I would  fay  with  this  elegance , 
the  globe  mull  be  void  of  air,  that 
the  fire  may  be  at  liberty  to  move 
with  the  water  it  carries  along,  with- 
out any  obftacle.  For  if  it  be  fet- 
tered by  the  prefence  of  air,  if  it  be 
forced  to  jflft  itfelf,  a-s  I may  fay, 
through  this  grofs  fluid,  which  it  pene- 
trates with  difficulty,  particularly  when 
it  is  united  with  water  in  a ftate  of 
elaftic  vapour,  then  all  thefe  pheno- 
mena are  retarded,  and  the  hair, 
which  has  time  to  follow  the  fire  itfelf 
in  its  hygrométrie  progrefs,  no  longer 
offers  the  appearances  I have  juft  de- 
feribed. 

§ xi 5.  Thefe  phenomena  are  theTheyin- 

• , create  with 

more  linking  in  proportion  as  thethequanti- 
abfolute  quantity  of  evaporated  water  drived  by 
is  greater  in  the  globe.  However,  I tne  fire‘ 
have  obferved  them  in  a degree  of 

ficcity. 
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f.ccity,  where  in  -a  temperature — i*, 
the  hygrometer  was  at  i8°.  On  ap- 
proaching the  apparatus  towards  the 
fire,  the  hygrometer  began  to  move 
towards  humidity  ; and  afterwards, 
when  the  temperature  became  uniform, 
it  returned  to  its  true  point  (i8°). 
But  when  the  variations  of  tempera- 
ture are  very  flow,  and  when  the  quan- 
tity of  moi  dure  in  the  vacuum  is  in- 
confiderable,  the  hygrometer  requires 
a fufficient  interval  of  time  to  recover 
the  exact  equilibrium  of  the  ambient 
medium.  It  required,  for  inftance, 
12  hours  in  this  lafl  cafe. 

The  pre-  § 1 1 6.  Although  the  prefence  of 
^j“uaSia'rair  obftructs  and  delays  the  effe&s  I 
deftro°ySthU^ave  ju^  now  defcribed,  yet  it  does 
not  abfolutely  prevent  them.  Thefe 
phenomena  explain  a fa<ft  which, 
without  doubt,  has  been  before  ob- 

ferved 
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fenced  by  others,  but  of  which,  I 
think,  no  fatisfaftory  reafon  has  yet 
been  given. 

Cellars  and  fubterraneous  vaults, 
at  a certain  depth,  are  commonly  dry 
in  winter,  and  very  wet  in  fummer. 
This  obfervation,  which  has  but  a 
very  few  local  exceptions,  ought  not, 
after  what  has  been  faid,  to  furprize 
us.  For,  in  fummer,  the  atmofphere 
is  hotter  than  the  interior  of  the  earth, 
and  fire,  which  always  tends  to  an 
equilibrium,  moves,  in  this  feafon, 
from  above  downward  in  the  upper 
ftrata  of  the  earth,  with  the  water  it 
bears.  It  depofits  this  water  in  thefe 
ftrata.  fucceffively,  in  proportion  as  it 
penetrates  them,  and  finds  them  colder. 
Thus  they  become  loaded  with  humi- 
dity to  a certain  depth,  and  retain  it 
until  by  a change  in  the  temperature 

of 
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of  the  atmofphere,  which  the  cold 
feafon  brings  with  it,  the  fire  returns 
from  the  earth  to  the  air,  and  gradu- 
ally carries  with  it  the  water  it  had 
depofited  during  the  fummer.  Hence 
the  maximum  of  drynefs  in  cellars  will 
be  obferved  in  the  fpring,  and  their 

extreme  moifture  in  autumn.  The 

» 

nature  of  the  foil,  and  the  depth  of  the 
fubterraneous  caves,  may  to  a certain 
degree  modify  thefe  confequences,  but 
they  will  always  be  found  conformable 
in  fadt. 

Evtnmer-  § xi 7.  Another  faft  which,  with- 
Tar75  with  out  doubt,  has  been  obferved  by  many 
the' vacuum  people,  (hews  with  what  energy  fire 
efiefts  evaporation,  when  not  reftrained 
by  the  prefence  of  the  atmofphere. 
In  the  upper  part  of  barometers,  well 
purified  from  air,  and  expofed  to  con- 
fiderable  changes  of  temperature,  as 

for 
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for  example,  at  a window  upon  which 
the  fun  fhines,  we  fee  the  mercury 
raifed  and  depofited  in  little  drops 
on  the  empty  part  of  the  tube.  Thefe 
drops  gradually  increafe,  and  at  length, 
by  their  weight,  fall  back  into  the 
mercury  from  whence  they  iffued. 
This  is  a real  diftiliation  which  takes 
place  in  the  ordinary  temperature  of 
the  atmofphere.  The  fire,  although 
of  a denfity  very  inconfiderable  in 
this  inftance,  raifes  the  mercury, 
which  is  nearly  14  times  heavier  than 
water,  carries  it  to  the  height  of  at 
lead;  a inches,  and  depofits  it,  when 
by  a tendency  to  equilibrium  the  fire 
is  urged  to  traverfe  the  glafs,  that  is 
to  fay,  on  the  coldeft  fide,  which,  in 
fummer,  is  commonly  that  oppofite 
to  the  window» 


§ 1 1 8.  Thefe 
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§ 1 1 8.  Thefe  fails,  as  alfo  that  of 
diftillation,  always  fo  eafy  and  fpeedy 
in  vacuo,  and  fometimes  impoflible 
in  air,  according  to  the  apparatus  we 
employ,  as  well  as  other  analogous 
obfervations,  have  imp  refled  me  with 
fuch  ideas  of  the  power  of  fire  in 
every  thing  which  relates  to  evapora- 
tion, that  I am  tempted  to  look  upon 
it  as  the  foie  agent  in  this  clafs  of  phe- 
nomena, and  to  renounce  the  idea, 
that  air  acts  in  the  manner  of  chemi- 
cal dijfolvents.  The  very  fpecious  ar- 
guments of  my  learned  colleague  in 
his  hygrometry,  in  favour  of  that  opi- 
nion, had  long  feduced  me  ; but  the 
charming  fimplicity  which  the  theory 
of  evaporation  would  acquire,  if  we 
could  diveft  it  of  the  agency  of  air; 
the  poffibility  I perceive  of  reducing 
the  whole  to  the  action  of  fire  ; the 

proba- 
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probability  which  increafes  with  the 
fimplicity  of  every  natural  hypothefis, 
attract  me,  I confefs,  hill  more  forci- 
bly. At  all  events,  it  could  only  be 
as  a phylical  agent,  or  as  acting  by 
affinity  of  cohefion,  that  I could  be 
perfuaded  to  admit  it,  in  any  thing; 
which  concerns  evaporation,  agreea- 
bly to  the  diftindions  I have  infilled 
on  in  the  firft  chapter  of  this  Effay. 

§ 1 19.  The  fads  already  enume- other  ob. 
rated  in  this  chapter  are  not  the  only  relative  to 
phenomena,  which  the  introdudion  of^e0f  av‘^ 
vapours,  whether  aqueous  or  ethereal, pours' 
into  my  apparatus  has  afforded  me  op- 
portunities of  obferving.  I have  very 
flig’ntly  touched  upon  the  manemetric 
or  elaftic  effeds  of  thefe  vapours. 

They  require  fome  explanation,  and 
merit,  indeed,  a coutfe  of  experi- 
ments direded  folely  towards  their  ex- 
amination. 
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amination,  for  which  my  apparatus 
would  be  very  convenient. 

It  may,  perhaps,  be  remembered, 
that  this  apparatus  contains  a gage  or 
barometer  in  form  of  a fyphon,  de- 
fcribed  §7 5,  and  defigned  to  mark 
the  degree  of  vacuum  obtained  in  the 
globe,  as  well  as  the  elaftic  force  of 
the  vapours  which  might  be  intro- 
duced. The  lateral  pipe  r,^  fig.  2, 
defcribed  § 79,  furnifhed  me  with  the 
means  of  introducing  into  the  globe 
known  quantities  of  any  fubftance  fuf- 
ceptible  of  evaporation.  I placed  this 
fubftance,  water  for  example,  in  a 
very  fmall  glafs  tube,  which  I fubfti- 
tuted  for  the  large  fyphon  EE.  The 
tube  was  clofed  at  its  outer  extremity, 
and  luted  at  the  other  to  the  cock  r, 
the  key  whereof  it  touched  interiorly. 
By  turning  this  key  a communication 

w-as 
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was  formed  between  the  infide  of  the 
globe  and  the  little  tube,  and  occa- 
fioned  the  evaporation  of  the  liquid 
which  it  contained,  and  which  had  been 
previoufly  weighed  with  the  tube  to 
the  precifion  of  i£'s  of  a grain. 

If  the  liquid,  and  the  infrde  of  the 
little  tube  that  contained  it,  had  not 
been  freed  from  air  by  ebullition,  im- 
mediately before  it  was  expofed  to 
the  vacuum,  it  would  have  rulhed 
into  the  globe  at  the  inftant  the  cock 
was  turned,  by  the  impuife  of  the 
elafticity  of  the  air  difperfed  through 
it,  which  was  now  no  longer  com- 
prelfed  by  the  weight  of  the  atmof- 
phere.. 

§ 120.  We  have  already  feen,  § 94,  Expen- 

, - ' mei.tonthe 

that  the  aqueous  vapour  introduced  elafticity  of 
into  the  globe  in  fufficient  quantity  tOquSa»dty  of 
caufe  the  hygrometer  to  rife  from  1 7 0 fate  ofu-a- 

toP°ur* 
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to  93°.  that  is,  76  degrees,  in  a mean 
temperature  of  about  70.  had  raifed 
the  gage  from  1,4  lines  to  4,5,  that 
is,  3 lines  -.V,  which  fhews  that  the 
vapour  produced  an  elaftic  fluid  capa- 
ble of  fuftaining,  at  this  temperature, 
a column  of  3,1  lines  of  mercury. 

But  at  that  time,  I knew  not  the 
abfolute  quantity  of  water,  which,  in 
a given  temperature,  would  produce 
a certain  manometric  effect,  or  fuftain 
a given  column  of  mercui  y ; I en- 
deavoured, therefore,  to  determine  it 
by  the  following  experiment.  • 

The  thermometer  being  at  + 3,1 
and  the  hygrometer  within  the  globe 
at  17,3.  which  announced  a confide- 
rable  degree  of  drynefs,  I adapted  to 
the  cock  the  little  glafs  tube,  contain- 
ing exa&ly  a grain  and  tV,  or  f£  of  a 
grain  of  water,  which  being'  boiled 

in 


( 2^7  ) 

in  the  tube  itfelf,  and  the  gage  being 
then  at  i line  I 0 O j 1 obferved  as  fol- 
lows : 


h.  min.  fee. 

Hygr. 

Gage. 

ï her. 

11.  ,44.  0. 

*7.3 

x>45* 

3,i.  Opened  the  lateral  cock, 

40, 

l8,0 

• . 

. . having  firfl:  adapted  the 

46. '15. 

• • 

. . tube  to  it  ftill  warm. 

iz.  13. 

29. 

2,25. 

3>3' 

25. 

39- 

2,25. 

3,5.  Turned  the  cock,  and 

42. 

48. 

*»5S- 

3,0.  removed  the  tube,  which 

I.  12. 

5*' 

2,56. 

, 3,6.  was  very  dry  and  quite 

I.  40. 

5?>3 

3 >9-  empty. 

?..  28. 

<50,0 

3,5. 

5*  30. 

(5°, 7 

2,63. 

4>2* 

§ 1 2 1.  On  examining  thefe  pri-  Reflection 
mary  refaits,  we  fee,  ill,  that  at  the 
mean  temperature  of  about  $°,z.  the 
tube  containing  the  water  being  warm, 
the  H of  a grain  were  evaporated  in 
about  40  minutes  in  the  vacuum. 

2dly,  That  when  this  water  was 
equally  diffufed  in  the  globe,  which 
did  not  happen  in  lefs  than  about 
6 hours,  the  hygrometer  rofe  towards 
0^2,  humi- 
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humidity  from  17,3  to  60,2  viz.  about 
43  degrees. 

gdiy,  And  finally,  that  the  elaftic 
fluid  produced  by  the  union  of  fire 
with  this  water,  at  the  temperature  of 
40, 2.  raifed  the  gage  from  1,45  to 
2,68  lines,  that  is  to  fay,  fuftained  in 
this  cafe,  in  a permanent  manner, 
•1,23  lines  of  mercury. 

This  column  of  mercury  is  of 
27  inches,  the  mean  height  of  the  ba- 
rometer at  Geneva,  and  fuppofing  that 
the  elaftic  vapour,  which  fuftains  it, 
was  common  air,  and  this  air  to  occu- 
py, nearly  to  the  laft  degrees  of  dila- 
tation, certain  fpaces  which  are  in  an 
inverfe  ratio  to  the  compreffing  weight, 
a quantity  of  air  charged  with  an  at- 
mofphere  equivalent  to  27  inches  of 
mercury,  and  of  a volume  equal  to 
■vs*  of  that  of  the  globe,  introduced 

into 
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into  this  globe,  would  have  produced 
•the  fame  effect  as  the  elaftic  vapour. 
Now,  this  volume  being  4,55  cubic 
inches,  is,  therefore,  the  fame  which 
the  vapour,  that  has  filled  the  globe, 
would  have  occupied,  fuppofing  it  was 
charged  with  the  weight  of  the  atmof- 
phere,  and  its  volume,  ceteris  paribus-, 
to  diminifh  in  proportion  to  the  com- 
preffing  weight. 

Thus  ri  of  a grain  of  water  in  a 
liquid  ftate  occupies  a fpace  of  only 
0,0032  of  a cubic  inch.  This  water, 
therefore,  acquires,  by  pafftng  into 
an  elaftic  ftate  in  the  temperature  of 
this  experiment,  a volume  1422 
tim es -more  confiderable,  fuppofing  it 
charged  with  the  weight  of  the  atmof- 
phere  ; and  as,  in  fact,  it  is  nfit  ex- 
pofed  to  this  weight,  and  only  fuftains 
the  part  of  it,  viz,  1,23  lines,  and 
Q^3  occupies 
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occupies  the  whole  capacity  of  the 
globe,  that  is,  1197  cubic  inches,  its 
liquid  volume  is  to  its  elaftic  volume, 
in  thefe  circumftances,  as  unity  to 
374063. 

This  calculation,  which  is  founded 
on  the  fuppofition  of  a permanent  and 
perfectly  elaftic  aeriform  fluid,  is  not 
rigoroufly,  nor,  indeed,  nearly,  ap- 
plicable to  the  watery  elaftic  vapour, 
becaufe  the  preflion  it  experiences  by 
the  re-aétion  refulting  from  its  own 
elafticity,  is  even  an  obftacle  to  its 
production,  and  we  foon  find  the  li- 
mits where,  with  a given  quantity  of 
water,  and  in  a certain  temperature, 
the  formation  of  the  elaftic  vapour 
will  ceafe  in  a clofe  veflfel  void  of  air. 
I believe  this  term  is  the  fame  with 
that  of  hygrométrie  faturation,  and 
if  fo,  if  the  fire  and  the  hair  refufe  at 

the 
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the  fame  time,  the  one  to  evaporate 
more  water,  and  the  other  to  admit 
into  its  texture  any  farther  quantity  of 
vapour,  evaporation  comes  within  the 
clafs  of  hygrométrie  phenomena  ; it  is 
the  refult  of  a pure  hygrométrie  affi- 
nity between  fire  and  water,  perfectly 
fimilar  to  that  of  hair,  and  is  likéwife 
a reafon  for  feparating  this  fort  of  union 
from  the  chemical  union,  with  which, 
as  1 have  already  faid,  many  cele- 
brated philofophers  feem  difpofed  to 
confound  it. 

§ 122.  I was  defirous  of  frving  rWiy  '»>- 
what  progreflion  the  formation  of  wa-greffivc 
tery  elaftic  fluids  would  follow,  by  vaporation. 
expofing  to  evaporation  in  the  globe, 
fucceffively,  equal  quantities  of  water 
in  an  uniform  temperature.  For  this 
purpofe,  I added,  by  the  means  al- 
ready deferibed,  -rh  of  a grain  of  wa- 

Q_4  ter 
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ter  to  the  \\  previoufly  introduced, 
which  made  in  the  whole  Î*,  and  hfter 
a fpace  of  8 hours,  the  inftruments 
being  all  ftationary,  I obferved  the 
hygrometer  72,5  the  gage  3,30  and 
the  thermometer  4,2.  I then  added 
i7s  of  a grain  more,  and  at  the  expi- 
ration of  an  equal  interval,  obferved 
the  hygrometer  80,4  the  gage  4,0 
and  the  thermometer  4,3.  At  this 
period  an  accident  gave  admiffion  to 
the  air,  and  1 was  unable  to  obtain 
fucceffively,  as  I propofed,  the  term 
of  faturation  in  vacuo  at  this  tempe- 
rature, from  which  1 was  ftill  diftant 
about  20  degrees,  but  thefe  obferva- 
tions  were  fufficient  to  (hew  me, 

1 ft,  That  the  progreffion  of  the 
hygrometer,  alike,  in  this  refpedt,  to 
that  which  Mr.  De  Sauflure  had  ob- 
ferved in  the  air,  decreafed  relatively 

to 
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to  the  real  quantities  of  moifture  in- 
troduced into  the  vacuum.  The  ob- 
fervations  are  not  fufficiently  nume- 
rous to  eftablifh  the  law  of  this  pro- 
greffion  ; and,  befides,  it  was  not  the 
objedt  I had  in  view.  It  is,  however, 
evident,  that  U-  of  a grain  having 
raifed  the  hygrometer  43  degrees,  rs 
Ihould  have  raifed  it  about  18  de- 
grees, inftead  of  11,8;  and  that  the 
firft  t75  having  raifed  it  11,8,  the  4 
added  in  the  third  experiment,  only 
raifed  it  7,9  degrees. 

§ 123.  The  gage  feems,  on  theRemarka- 
contrary,  to  fhew  an  increafing  pro-ftacn^'.1™ 
greflion  of  elafticity,  relatively  to  the 
real  quantities  of  water  converted  into 
elaftic  fluid.  This  circumftance  fur- 
prized  me,  and  I fufpedled  that  a 
fmall  quantity  of  air  might  have  en- 
tered the  globe  ; but  the  gage  remain- 


ing 
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ing  24  hours  ftationary,  deftroyed  this 
fufpicion,  and  I concluded  that  H of 
a grain  of  water  reduced  to  elaftic 
fluid  having  railed  the  gage  from  1,45 
to  2,68  lines,  that  is,  1,23,  Is  ought 
to  have  raifed  it  to  3,19  only,  inflead 
of  3,30,  and,  confequently,  that  ii 
fhould  have  raifed  it  to  3,69,  inflead 
of  to  4,c.  If,  therefore,  we  examine 
with  attention  thefe  three  obfervations, 
to  the  exactitude  of  which  1 know  no 
objection,  we  (hall  fee  that  they  agree 
in  lhewing  an  increafing  progreflion  in 
the  elafticity  of  the  watery  vapour, 
formed  in  vacuo  by  fucceflive  addi- 
tions of  equal  quantities  of  water  at 
the  fame  temperature.  And  we  lhall 
prefently  (hew,  that  the  fmall  variation 
of  the  thermometer  in  thefe  three  ex- 
periments cannot  account  for  this  faCt. 


§ 124.  I 
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'G  124.  I made,  at  the  fame  time, Th*  influ- 

. . enceoftem- 

fome  experiments  on  the  influence  ofperatureca 

, 1 n • • r 1 • t*le  elaftici— 

temperature  on  the  elalticity  or  thislyofthe 
vapour,  and  I faw,  that  although  the %ap&ur‘ 
variations  of  temperature  aéted  pow- 
erfully upon  the  hygrometer,  they  had 
little  effeft  upon  the  gage  ; but  that 
they  increafed,  however,  with  the 
quantities  of  water  evaporated.  Thus 
in  the  firft  experiment  with  l7  of  a 
grain  of  water,  an  increafe  of  7°, 6 of 
temperature  made  the  hygrometer  de- 
fcend  from  6o°,2,  to  47,5,  that  is, 

1 20, 7,  and  the  gage  remained  almoft 
ftationary.  In  the  lad  experiment,  in 
which  there  was  H of  a grain  of  water 
evaporated  in  the  globe,  an  increafed 
temperature  of  n°,4  viz.  from  zero 
to  1 1°,4  made  the  hygrometer  defcend 
from  92°,3.  to  6o°,  that  is,  it  moved 
towards  ficcitty  320, 3.,  and  the  gage 

rofe 
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rofe  from  3,80,  to  4,15  lines,  that  is, 

°>35' 

It  Would,  indeed,  form  an  object 
of  very  interefting  experiments,  to 
obferve  the  correfpondent  progreffions 
of  the  thermometer  and  the  gage  or 
manometer  in  vacuo,  anfwering  to 
eqtfal  and  fucceffive  increafes  of  tem- 
perature within  the  limits  of  atmof- 
plieric  heat,  and  at  the  fame  time  to 
iludy,  by  the  joint  means  of  the  ma- 
nometer and  hygrometer,  the  two  fli- 
multaneous  effects  of  fire,  x'\7.  the 
augmentation  of  its  hygrometrical  af- 
finity with  water  in  proportion  as  its 
denfity  increafes,  and  that  of  the  elaf- 
ticity  which  it  gives  to  the  water  it 
evaporates  ; and  laftly,  to  determine 
according  to  different  temperatures, 
what  may  be  the  abfolute  quantity 
which,  in  a given  vacuum,  would  be 

the 
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die  ne  plus  ultra,  or  the  term  where 
the  elafticity  of  the  fluid  already  eva- 
porated would  hinder,  by  its  own 
preffion,  any  further  evaporation.  But 
I have  been  too  prolix  on  this  fubject, 
if  I aimed  only  at  pointing  out  the 
road  to  other  obfervers,  and  on  the' 
other  hand,  I have  not  tried  a fuffi- 
cient  number  of  experiments  to  make 
it  clear.  But  thefe  matters  will  be- 
come the  fubjeft  of  my  approaching 
labours, 

§ 125.  Some  particulars  concerning ParticuUrj 
the  phenomena  which  accompanied Jh"etherc»i 
the  introdu&ion  of  the  ethereal  va-vapour' 
pour  into  the  globe  will  terminate  this 
chapter. 

It  was  impoffibleto  weigh  the  ether, 
as  1 had  weighed  the  water,  on  account 
of  the  great  volatility  of  this  fluid  : 

I contented  myfelf,  therefore,  with 

counting 
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counting  the  drops  I introduced  into 
the  glafs  tube,  luted  to  the  lateral 
cock  ; I put  in  1 7 at  a time,  which 
were  darted  into  the  globe  with  a cer- 
tain biffing  noife  at  the  inftant  the  cock 
was  opened. 


The  inftruments 
being  previoufly 
examined,  were 
At  the  expiration 
of  fix  minutes 
from  the  introduc- 
tion of  the  fir  ft  17 
drops 

Three  minutes  af- 
terwards, I intro- 
duced a fécond 
dofe  of  17  drops, 
and  left  the  cock 
open  for  three  mi- 
nutes : the  fame 


hygr.  gage.  ther. 
21,8.  1,50.  10,5 


27,0.  5,0.  10,8. 


hiding 


( 239  ) 
hiding  found  v/as 
heard  at  the  open- 
ing, and  two  mi- 
nutes after  the 
cock  was  turned  I 

obferved  39,0.  8,5.  11,0.. 

Seven  minutes  af- 
ter, I introduced 
a third  dofe,  which 
was  accompanied 
by  the  fame  phe- 
nomena; the  hy- 
grometer was  then 
at  l at  the 
end  of  5 minutes 

I obferved  69,0.  11,5.  11,0. 

And  in  half  an 

hour  after  84,0.  11,9.  11,2. 

§ 126.  In  the  firft  place,  We  ob- 
icive  by  the  motion  of  the  hygrome- 
ter>  that  the  ether,  although  I had 

treated 


( 240  ) 

treated  it  with  fixed  alkali,  and  rectified 
it  carefully  in  a water  bath  at  420., 
ftill  it  contained  water,  from  which  it 
is  impoffible  to  purify  it  by  the  ufual 
means.  We  fee  that  51  drops  made 
the  hygrometer  rife  62°,2,  and  if  we- 
knew  exactly  the  weight  of  the  ether 
introduced,  and  that  of  pure  water 
which  produces  yhe  fame  hygrométrie 
eflfeft  in  vacuo  at  a given  temperature, 
we  111  oui  d then  have  a phyiical  method 
of  knowing  the  quantity  of  water 
which  forms  an  integral  part  of  rec- 
tified ether.  Finally,  the  gage  Ihews 
us,  that  17  drops  of  ether  introduced 
at  each  time  caufed  the  mercury  to 
rife,  when  they  were  entirely  evapo- 
rated, about  3 lines  il-  at  the  tempe- 
rature of  ii°.  The  elafiicity  feems 
to  follow  a decreafing  progreffion,  re- 
latively to  the  quantities  of  ether  in, 

trod  need  ; 
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troduceds;  but  not  having  been  able 
to  weigh  the  quantities,  the  experi- 
ment's not  fufficiently  exaét  to  allow 
any,  abfolute  concluions,  like  thofe  we 
have  endeavoured,  to  eftabüfh  with  re- 
gard to  the  aqueous  vapour. 

& 1,27.  However,  I endeavoured  to 

J / enceofhes. 

determine  the  influence  of  tempera-  on  the  elai 
ture  upon  the  elafticity  of  ethereal  • va- «thehui  v.. 
pour,  With  this  deiign,  the  inftru-p0U‘ 
ments  being,  hygr,  84,  gage  11,9. 
therm.  1.1,2,  I , tranfpqrted  the  appa- 
ratus into  a colder.  chatnher,  where  it 
remained.  40  minutes,  and  at  the,  ex- 
piration of  that,  time;  I.  obferved  the 
hygr.- 8:9,0 gage  1 q,q  therm.  6,4.  Tihe 
refrigeration.  of*4°, 8-  produced  a de- 
fçent  of  the  mercury  of  the  gage  of;  1,9 
line.  Very,  little  dew  was  feen  .upon 
the  fides  of  the  globe,  but  it  appeared, 
to  be  ethereal  and  not  aqueous,  for, 

R the 
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the  hygrometer  was  only  at  89,0  that 
is,  11  degrees  from  the  point  of  fatu- 
rarion.  I then  expofed  the  apparatus 
to  a higher  temperature  than  the  firft, 
and  obferved  hygr.  64,0  gage  13.1 
therm.  21,0. 

This  laft  experiment  prefents  a very 
lingular  refult.  An  elevation  of  tem- 
perature of  ic°.  viz.  from  n°.to2i°. 
produces  an  elevation  in  the  gage  of 
only  1,2  line  ; whereas,  in  the  prece- 
ding experiment,  made  in  a tempera- 
ture between  the  6th  and  1 ith  degree, 
a difference  of  only  4°,8.  lefs  by  half 
than  die  variation  in  the  laft  experi- 
ment, produced  a difference  of  1,9. 
line.  Perhaps  this  irregularity  may 
be  owing  to  the  infufficiency  of  the 
temperature,  in  the  laft  cafe,  for  the 
evaporation  of  all  the  ether  ; and 
therefore  a part  of  it  may  have  repaired 

from 
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from  its  elaftic  ftate  to  a ftate  of  li- 
quidity. It  is  poflible,  that  this  tran- 
fition  is  made  fuddenly,  or  by  a fpring 
which  deranges  the  regular  progreffion 
of  the  elafticity.  This  is  likewife  a 
point  to  be  purfued  ; but  1 repeat  to 
thofe,  who  may  have  fuch  intention, 
that  the  ethereal  elaftic  fluid  attacks 
the  varnilh  of  the  inftruments  expofed 
to  it,  and  in  a certain  time  even  fpoiis 
the  hair  of  the  hygrometer. 


CHAP 
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column  of  air  intercepted  between 
the  two  Rations,  in  which  the  baro- 
meter is  obferved  ; for  it  is  evident, 
that  by  obferving,  as  we  ufuaUy  do, 
the  temperature  of  a thermometer  Ap- 
pended at  5 feet  from  the  earth  on  a 
plain,  and  on  a mountain,  we  obtain 
the  mean  heat  of  the  ftratum  of  air 
which  lies  on  the  earth  to  the  diftancc 
of  five  feet  from  its  furface  from  one 
ftation  to  the  other,  rather  than  that 
of  the  column  which  is  railed  verti- 
cally upon  the  inferior  ftation. 

Difficulty  of  § 130.  If  we  could  inveftigate  by 
vltioRs.  1 experiment  the  law  by  which  heat  di- 
minilhes  in  proportion  as  we  rife  ver- 
tically in  the  air,  according  to  the  va- 
rious feafons  of  the  year,  or  accord- 
ing as  the  temperature  of  the  atmof- 
phere  is  modified,,  by  the  prefence 
of  the'  fun,  of  clouds,  or  of  wind. 


C 247  ) 

we  fhould  go  immediately  'to  the 
point,  and  obtain  fatisfadtory  approxi- 
mations. 

But  thefe  obfervations  are  neither  fo 
(impie  nor  fo  eafily  made  as  may  at 
firft  be  imagined.  Let  them  be  made 
on  the  fummit  of  a mountain,  or  on 
the  top  of  a fteeple,  they  will  frill  be 
fomewhat  affected  by  the  heat  reflected 
from  the  fteeple  or  from  the  moun- 
tain ; and  will  not  exactly  (hew  the 
temperature  of  the  horizontal  ftratum 
of  air,  by  which  thefe  objects  are  en- 
veloped. The  only  means  remaining 
are,  a balloon  of  inflammable  air, 
large  enough  to  carry  an  obferver, 
and  this  method  is  not  eafily  practica- 
ble ; or  Iqftly,  a high  pole  at  wliofe 
extremity  a thermometer  may  be  fuf- 
pended,  which  may  be  rapidly  bwered 
-,  . R 4 for 
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tfdr  obfèiVation.  This  Is  the  method 
4 :have  employed. 

Description  §131.  In  foine  former  experiments 
faratus  'I  made  '•ufe  of  a pole  50  feet  high, 
°f-a'nd  afterwards  of  one  75  feet  high. 
'My  firft  trials  were  made  in  the  months 
‘of  Auguft  and  September,  1778,  and 
‘difcovering  fome  phenomena  I did 
toot  expeffc,  1 repeated  them  the  year 
•following  with  better  inftruments,  and 
•a  more  convenient  apparatus.  And 
*it  is  of  thefe  latter  experiments  I am 
now  about  to  give  an  account. 

The  pdle  was  fixed  in  a large  garden, 
and  fupported  in  its  vertical  lituation 
-by  cords  or  Ihrouds  defeending  ob- 
liquely to  the  ground.  From  the  top 
■of  the  pole,  an  arm  of  about  1 8 in- 
ches long  was  extended  horizontally, 
from  whofe  extremity  hung  a pulley 
defigned  to  raife  ftnd  lower  one  or 

more 
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more  thermometers,  which  was  done 
with  the  utmoft  celerity.  The  upper 
part  of  the  pole  was  painted  a dead 
black,  in  order  to  avoid  all  kind  of 
reflection  ; and  that  the  fhadow  of  the 
pole  Ihould  never  fall  upon  the  ther- 
mometer, I placed  the  arm  in  the 
plane  of  the  meridian. 

Befides  thefe  thermometers  deftined 
to  be  raifed  or  lowered,  I employed 
others,  fufpended  at  different  diftan- 
ces  from  the  earth,  from  between  5 
and  6 feet,  to  4 lines.  Thefe  were 
fufpended  by  a very  thin  thread  of 
filk  extended  vertically  ; one  of  them 
was  hung  two  inches  from  the  pole  it- 
felf  and  5 feet  from  the  earth.  I 
moved  it  laterally  as  the  fun  advanced, 
that  it  might  be  always  diametrically 
oppofite  the  pole,  and  by  that  means 
conftantly  in  the  (hade.  And  finally, 

1 had 
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I had  one  on  the  ground,  with  its 
bulb  juft  covered  by  the  earth,  in- 
tended to  fhew  the  temperature  of  the 
furface  of  the  foil,  whilft  the  corref- 
ponding  oblervations  were  made  in 
the  air. 

The  inftruments  were  all  of  mer- 
cury, made  with  great  care,  and 
agreeing  perfeiftly  w ith  each  other. 

I lie  bulbs  and  inferior  parts  were 
completely  infulated  and  detached 
from  their  feales,  which  were  of  tin, 
filver,  or  ivory.  The  bulbs  were  of 
a moderate  ftze,  fo  as  to  require  6 or 
7 minutes  to  receive  the  temperature 
of  the  quiet  air  in  which  they  were 
fufpended.  The  mod  tartly  was  dif- 
pofed  at  the  top  of  the  pole,  that  its 
variations  might  be  as  inconfiderable 
as  poffible  during  the  5 or  6 féconds 
it  required  to  defeend. 


§ 132-  My 
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S 122.  My  defign,  in  general,  was  Particular 

\rj  i c U-  ol>-i<aof 

to  obicrve,  by  means  or  this  appara-  th<fe  exPe- 

tus,  what  pafled  in  the  ftratum  of  airr‘n 
which  repofes  upon  the  earth  to  the 
height  of  75  feet;  to  fee  what  pro- 
greflkm  the  augmentation  and  dimi- 
tuition  of  the  heat  produced  by  the 
fun’s  prefence,  during  a calm  and  fe- 
re ne  day,  would  follow  ; what  was 
the  hotted:  and  cokleft  moment  of  the 
day;  what  the  mean  heat  of  the  24 
hours;  and  finally,  to  examine  the 
efFeét  of  clouds,  fogs,  winds,.  &:c. 
upon  thefe  refaits.  But  above  all,  T 
•endeavoured  to  difcover  if  there  ex-  > 
ifted  any  confiant  proportion  between 
the  temperature  of  the  air  at  75  feet, 
and  at  5 feet  from  the  earth  ; and, 
fuppofing  this  proportion  variable, 
what  might  be  the  nature  and  periods 
of  thefe  variations.  Then  to  apply 
t thefe 
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thefe  refults  to  the  neared  approxima- 
tion of  the  true  temperature  of  a ver- 
tical column  of  air  drawn  from  the 
ordinary  and  only  practicable  oblerva- 
tions,  made  at  5 feet  from  the  earth. 

A more  conftderable  elevation 
would,  perhaps,  have  furnifhed  the 
means  of  edablilhing,  by  numerous 
■obfervations  at  intermediate  heights, 
“ fome  law  of  the  diminution  of  heat, 
relatively  to  the  augmentation  of  verti- 
•cal  elevation  ; but  a column  of  air  of 
75  feet  was  infufficicnt  for  fuch  in- 
quiries. v 

««•nerii  re-  § 133*  It  was  at  the  top  of  the  pole 
•that  the  augmentation  and  diminution 
Of  heat  during  the  day  followed  the 
-mod  uniform  progreffion  ; and  it  was 
there,  likewife,  as  we  (hall  prefently 
‘fee,  that  the  extremes  of  heat  and 
'cold  were  neared  each  other.  The 

thermo- 
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thermemeter  in  the  (hade  at-  5 feet 
from  the  ground  agreed  bell  with  the 
thermometer,  expofed  to  the  fun  70- 
feet  higher,  and  they  were  not  only 
(imilar  ip  their  progreflion,  but  in 
thçir  abfolute  temperature  alfo,  from 
9 o’clock  in  the  morning  to  3 in 
the  afternoon,  although  cw>e  was  in, 
the,  fun,  and  the  other  in  the  (hade. 

§ 134.  I.ufually  began  to  qtiferye omtH* 
thefe  inftto.ments  at,  break  of  day,  bout  lua 
and  they  all  agreed  in  indicating  an, 
incrpafing  coolnefs  as  fun  Vife  ap- 
proached. The,  coldeft  1 moment  was 
during  the  rifing  of  the  fun  ; and  from . 
that;,  time  the  thermometers  began  to 
mount  by  different  progrellions,  until; 
about  3 o’Clock.  in,  the  afternoon, 

, which  was  commoly  the  hotted  part 
of; the  day.  The  thermometer,  whole 

bulb  \\a§  cpverçd.ky  f<?jlj  indi-; 

cated 
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catcd  at  that  time  a very  confiderable 
degree  of  heat.  I have  feen  it  at  45*. 
of  the  fcale  of  80  parts,  in  a hot  day 
in  the  month  of  Auguft. 

The  winds  greatly  altered  the  uni. 
fortuity  of  the  progreflion  of  the  ther- 
mometers, which,  on  the  days  when 
the  air  was  agitated,  moved  always  by 
ofcillations  : a cloud  which  hid  the 
fun,  alfo  occafioned  a fudden  defeent  ; 
but  their  motions  were  never  more 
regular  than  on  thofe  calm  and  uni- 
formly cloudy  days,  which  we  fre- 
quently fee  in  this  country  in  Au- 
tumn. 

§ 135.  All  thefe  modifications  were 
naturally  forefeen.  The  particular  re- 
fults  of  thefe  obfervations,  as  they  re- 
late to  barometrical  meafurements, 
will  make  part  of  another  Eflay  di- 
rected principally  to  inquiries  of  this 

nature. 
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nature.  But  the  peculiar  and  unex- 
pected phenomenon  of  which  I am 
now  going  to  fpcak,  has  naturally  a 
place  here. 

In  order  to  expofe  it  clearly,  I (hall 
follow  the  courfc  of  the  two  thermo- 
meters at  5 feet  and  at  75  feet  from 
the  earth  during  24  hours  of  calm 
lerene  weather. 

In  the  morning,  about  two  hours 
or  two  hours  and  a half  after  fun  rife, 
thefe  two  thermometers  agreed,  and, 
except  fome  little  ofcillations,  the  ef- 
fect of  accidental  circumftances,  they 
indicated  the  fame  temperature. 

As  the  fun  advanced  the  thermo- 
meter at  5 feet  from  the  ground  ac- 
quired a higher  temperature,  and  at 
the  hotteft  time  of  the  day,  it  was 
about  two  degrees  of  the  fcale  of  80 

parts 
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parts  higher  than  the  thermometer  at 

75  f^r- 

T maximum,  of  difference  once 
pafa  1 :he  two  thermometers  ap- 
proac  d.  and,  before  the  let  ting  of 
the  fut i again  acquired  the  fame  tem- 
peratur  ; then  varied  in  the  oppofite 
ft. le,  and  their  difference  augmented 
rapidly  after  fun  fet.  Towards  the 
e/nl  of  the  twilight,  the  inferior  thcr- 
rv -meter  was  two  degrees  lower  than 
the  other,  and  fometimes  more. 

This  différence  continued  the  fame 
dating  the  night;  at  lead  1 have  rea- 
f i t<  i relu  me  fo;  bccaufe,  having 
q itt  , them  at  t.i  o’Clotk  in  the 
e.  et  . and  obferved  them  again  at 
dv/ - k,  I conftantly  found  the 

ti.  . ter  at  5 feet,  lower  from 
c,  o degrees  than  that  at  75 

{*■>  • ty  kept  the  fame  proportion 

during 
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during  the  whole  twil'ght  of  the 
morning,  and  it  was  not  till  fomctimc 
after  fun  rife  that  they  began  to  ap- 
proach, then  to  acquire  the  fame  tem- 
perature, and  about  two  hours  after- 
ward to  crofs  each  other  again. 

Such  was  the  confiant  courfe  of 
thefe  two  thermometers  as  often  as 
the  weather  was  calm  and  fciene  ; and 
it  happened  juft  the  fame  in  the  dif- 
ferent feafons  of  the  year,  and  notwith- 
fhtnding  winds  and  clouds,  although 
lefs  fenfibly  in  this  laft  cafe  ; and  it 
was  only  on  the  days  completely  and 
uniformly  cloudy,  and  when  the  w ind 
was  violent,  or  when  there  was  a 
thick  fog,  that  the  two  thermome- 
ters, 70  feet  datant  from  each  other, 
nearly  agreed  during  the  whole  courfe 
of  the  day. 


S 
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§ 136.  It  was  with  extreme  fur- 
prize,  that  1 beheld,  from  the  very 
firft  day  of  my  experiments,  this  ex- 
traordinary phenomenon.  I thought, 
and  doubtlefs  I was  not  lingular  in  this 
opinion,  that  the  coolnefs  which  we 
experience  in  the  night  came  from 
above  ; nor  could  I believe  my  eyes 
when  1 faw  the  thermometer  at  75 
feet,  at  that  time,  nearly  two  degrees 
higher  than  the  other  at  5 feet.  It 
was  from  the  ground,  then,  I con- 
cluded that  this  coolnefs  proceeded. 
And  in  effect,  I found  the  thermome- 
ter at  4 lines  from  the  ground,  dill 
lower,  in  general,  than  that  at  5 feet  ; 
but  the  thermometer,  whofe  bulb  was 
covered  by  the  earth,  was,  on  the 
contrary,  much  higher  than  any  of 
the  others;  and  the  earth,  retaining 
a part  of  the  heat  which  it  had  ac- 
quired 
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quired  during  the  day,  formed,  as  it 
were,  a kind  of  dove,  immediately 
whereon  reded  a ftratum  of  cool  air, 
and  above  that  we  found  the  air 
warmer. 

127.  It  may  be  imagined,  that i»»* not 
this-  was  a local  phenomenon,  and  pJr< 
owing  to  ome  particular  exhalations  ;r 
but  the  foil  was  not  at  al!  moift  ; the 
fame  experiments  repeated  in  a larger 
plain,  to  which  1 t ran 'ported  the  ap- 
paratus, prefented  the  like  refults  ; 
and  I have  even  obtained  the  fame 
upon  an  infulatcd  fummit  of  the 
mountain  called  the  Mole,  which  is 
more  than  4200  feet  above  the  level 
of  the  fea. 

§ 138.  I think  I perceive  the  caufcsufpiemnot 
of  this  plienomenon  to  be  as  follows  : 

When  lire  is  not  retained  by  the 
ties  of  chemical  alnnity,  it  tends  con- 
S a dandy 
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ftantly  to  an  equilibrium,  as  we  hive 
already  often  proved  in  the  courfe  of 
this  Eflày.  The  foil,  therefore,  be- 
ing hotter  than  the  air,  the  fire  will 
rife  from  the  interior  of  the  earth  up- 
wards, and,  being  arrived  at  the  fur- 
face,  will  fuccefiively  convert  into 
vapour  the  infinitely  thin  ftrata  of  wa- 
ter which  moifien  the  foil  in  the 
point  of  contad  between  the  air  and 
the  eaith,  and  evaporation  will  take 
place. 

If  we  luppofe  the  ground  colder 
than  the  air,  then  the  fire  will  defeend 
into  the  earth;  but  evaporation  will 
always  take  place  near  its  furface  ; 
and  in  this  particular  union  of  fire 
with  water,  it  is  known  that  a part  of 
the  fer.fible  fire  difappears,  and  be' 
comes  fire  of  evaporation,  that  is  to 
fay,  imperceptible  fire,  and  that  cold 


is 
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is  produced,  unlefs  in  circumflances 
in  which  the  external  calorific  caufes 
exactly  counterbalance  the  fire  that 
difappears. 

During  the  two  twilights  and  the 
night,  this  balance  cannot  take  place. 
The  ambient  liberated  fire  endeavours 
to  re-eftablilh  the  equilibrium,  but 
the  fire  that  arrives  for  this  purpofe 
from  the  earth  undergoes  at  its  furface 
the  metamorphofis  produced  by  the 
aft  of  evaporation,  and  that  which 
exifts  in  the  air  above  is  partly  united 
with  the  water  it  has  evaporated,  and 
not  being  carried  downward  by  any 
great  rupture  of  equilibrium,  but 
having,  as  we  have  perceived  in  ano- 
ther place,  a tendency,  independent  of 
the  attraftion  of  the  fuperior  llrata,  to 
rife  rather  than  to  defeend,  it  moves 
through  the  air  in  a quantity  infuffi- 
S 3 cient 
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cient  to  re-eftabli(h  in  the  inferior  (Ira- 
nien the  equilibrium  of  temperature 
deranged  by  evaporation.  It  will, 
therefore,  remain  colder  than  the 
ground,  and  than  the  fuperior  ftratum, 
till  fome calorific  caufe  lhall  fupply  the 
fire,  which  dilappeared  at  the  furface 
of  the  earth. 

§ 139.  But  as  foon  as  the  rays  of 
the  fun  fall  upon  the  inferior  ftratum 
of  air,  and  upon  the  furface  of  the 
earth,  their  calorific  effect  is  felt.  In 
the  firft  moments,  they  produce  cold 
rather  than  heat,  becaufe  the  fire  they 
fupply  is  not,  perhaps,  fufficient  to 
compcnftite  the  quantity  abforbed  by 
the  increafed  evaporation. 

Their  prefence,  how  ever,  and  more 
direft  impulfe  upon  the  air  and  the 
ground  foon  gain  the  advantage,  and, 
notwithftanding  the  increafed  evapo- 
. ration. 


( 263  ) 

ration,  the  liberated  fire  is  fo  much 
augmented,  that  the  relative  heat  of 
the  inferior  ftratum  becomes  greater  ; 
and  this  ftratum  and  the  fupe.  ior  llrata 
alfo  to  the  height  of  75  feet,  which 
are  the  limits  of  thefe  experiments, 
fhortly  acquire  the  fame  temperature 
that  took  place  about  two  hours  or  two 
hours  and  a half  after  fun  rife.  The 
heat  produced  by  the  adion  of  the 
folar  rays  upon  the  earth,  became  af- 
terwards fo  great,  that  the  inferior 
ftratum  of  air,  in  which,  however, 
the  evaporation  conflantly  continued, 
was  heated  more  than  the  luperior, 
and  we  have  feen  the  diflcrence 
amount  to  2 degrees  in  the  hottefl  time 
of  the  day. 

After  this  period,  the  diminution  of 
the  intenlity  of  the  folar  rays  brought 
back,  by  degrees,  the  equality  be- 
i.  S 4 tween 
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tween  the  refrigerant  effect  of  evapo- 
ration, and  the  calorific  effefk  which 
they  produced  ; and  at  this  moment 
of  equilibrium,  the  fuperior  and  in- 
ferior thermometers  again  exhibited 
the  fame  degree  of  temperature  a 
little  afterward  the  rays,  dill  more 
oblique  and  lei's  numerous,  were  in- 
efficient to  counterbalance  the  cold 
of  evaporation,  and  the  inferior  ther- 
mometer defeended  lower  than  the 
other  ; this  difference  continued  till 
the  next  day’s  fun  redored  the  equili- 
brium, and  produced  the  alternate 
adtion  which  I have  deferibed  and  en- 
deavoured to  explain. 

Reflexions.  § 14°*  But  fliould  this  explication 
be  infulficient,  the  fadl  is  net  lefs  cer- 
tain ; and  if  we  add  to  the  conclurions 
that  may  be  drawn  from  it,  the  know- 
ledge we  have  of  the  three  dates  or 
, modifi- 
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modifications  of  fire  in  folid  water, 
liquid  water,  and  water  in  vapour, 
the  phenomena  of  dew  and  of  hoar 
froft  will  not  be  very  difficult  to  ex- 
plain in  a fatisfactory  manner.  But 
it  would  carry  me  too  far  to  develop 
thefe  ideas,  and  they  will  be  found  in 
another  place. 

§ 141.  1 cannot,  however,  pafs  in  FaOi 
filence  two  faéts  which  have  an  im-fVomn£ne0f 
mediate  relation  with  thefe  experi-  ^.'*pcrl* 
ments. 

Mr.  Dc  Sauflure,  among  ft  other 
lights  thrown  on  the  theory  of  eva- 
poration in  his  excellent  work  on  hy- 
grometry,  has  moll  happily  arranged 
the  vapours  fufpended  in  the  air  un- 
der three  dates,  which  he  has  diftin- 
guifhed  by  the  denominations  of  pure 
elajiic  vapour , veficular  vapour , and 
concrete  vapour.  The  fir  ft  is  invifible 
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in  the  air  ; the  fécond  f.»rms  little 
empty  veficules  which  occafton  fogs 
and  clouds  ; the  third  forms  round 
drops  or  common  rain  ; and  rhcle 
three  modifications  fucceed  one  ano- 
ther according  to  circumflances. 

But  are  the  relative  quantities  of 
fire  employed  to  produce  them  equal? 
And  as  water  contains  lefs  fire  when 
folid  than  when  liquid,  and  dill  lefs 
when  liquid  than  when  it  is  in  an  aeri- 
form ftate,  does  not  the  veficular  va- 
pour require  lefs  fire  than  the  pure 
elaflic  vapour  ? 

Mr.  De  Sauflure  prefumes  with 
rc.ifon,  that  this  veficular  vapour  con- 
tains more  fire  than  the  concrete  va- 
pour, and  in  proof  he  instances  the 
rains  of  winter,  which  fenfibly  heat 
the  inferior  part  of  the  atmofphcre  ; 
becaufe  in  the  convcrfion  of  the  vefi- 

cular 
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cular  vapour  into  rain,  the  fire,  fu- 
perabundant  to  this  new  form,  be- 
comes fenfible  fire,  and  by  its  adhe- 
rence to  the  molecules  of  water,  is 
carried  towards  the  earth. 

But  does  this  phenomenon  take 
place  in  the  tranfition  of  water  from  its 
ftate  of  invifible  elaftic  vapour  to  that 
of  veficular  vapour  ? Experiment 
alone  can  resolve  this  queftion  ; and 
it  required  all  the  chance  of  a particu- 
lar meteorological  event  to  enable  me 
to  make  this  experiment  in  the  atmof- 
phere. 

§ 142.  This  event  prefented  itfJfRnnark»- 
. , . r 
in  the  courte  or  my  experiments  on  mnee. 

the  1 8th  of  October,  1779,  in  the 
twilight  of  the*  morning.  I had  a 
fog  at  the  top  of  the  pole  during  lo- 
verai minutes  before  it  formed  near 
the  earth,  and  at  the  moment  the  fog 

appeared 
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appeared  near  the  top  of  the  pole,  the 
thermometer  rofe  ,7S  of  a degree.  We 
(hall  have  a more  perfedt  idea  of  this 
phenomenon  by  calling  our  eyes  upon 
the  following  table,  copied  from  the 
journal  of  obfervations. 


*779 
Oft.  18 
in  the 
morning 

Therm, 
covered 
by  the 
foil. 

Therm 
at  5 feet 
*rom  the 
ground. 

1 turm. 

4t  7 5 fret 

from  the  Rertaikabic  Events 

gtound. 

h.  min. 

6.  ao. 

4,8. 

4»2* 

6,0. 

Serene,  calm,  liule  fog. 

3°- 

4,8. 

4,5- 

6,t. 

Idem. 

40. 

S,o. 

4,3- 

5»3- 

Fog  a little  increafed. 

So. 

5»°- 

4,i- 

6,0. 

Fo't  at  the  fop  of  the  pole. 

and  none  below. 

7.  0. 

5»1* 

4>4* 

5.9- 

Fog  universal,  but  not  thick 

2. 

Sun  rife*,  but  very  pale. 

IS- 

5,4 

4,9- 

5.8. 

Fog  difappears.  Sun  fhinci 

, 

ucakly. 

30- 

5,5- 

5,o. 

6,t. 

Idem. 

' 1 

It 
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It  appears  pretty  clearly,  by  the 
courfe  of  obfervations  of  the  thermo- 
meter at  75  feet,  that  the  appearance 
of  the  fog  at  the  top  of  the  pole 
caufed  a momentary  hear. 

§ 143.  This  heat,  which  is  difen- Coni(fljIW 
gaged,  and  which  remains  (orne  imes 
mingled  in  the  veficular  vapour,  ex- 
plains, in  fome  meafure,  why  cold  is 
never  fo  rigorous  in  cloudy  weather 
as  when  the  iky  is  ferene  ; becaufe  in 
clear  weather,  the  rupture  of  equili- 
brium, between  the  temperature  of 
the  fuperior  and  inferior  ftrata  of  the 
atmofphere,  may  be  confi  lered  as 
caufing  a continual  current  of  fire 
from  below  upwards,  which  deprives 
both  the  fuiface  of  the  earth  and  the 
neighbouring  fliata  of  the  liberated 
part  of  this  fluid,  in  a more  rapid 
manner  than  the  foil  itfclf  can  furnifh 


it. 


Another 
faft  which 
thefc  expe- 
.iments  ex 
plain. 
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it.  For  fire,  I mu(t  repeat  it  again 
and  again,  cannot  be  reft  rained  or 
cohibiteJ  but  by  itfelf.  If,  therefore, 
a cloud  appears  at  a certain  height, 
the  fire  it  carries  with  it  ftops  the  cur- 
rent of  which  1 fpeak,  makes  it  re- 
coil, on  the  contrary,  below,  and 
caufes  that,  which  continues  to  cfcape 
from  the  ground,  to  accumulate  in 
the  inferior  ftrata  of  the  air,  and  foften 
its  temperature. 

§ 144.  Thefe  experiments  likewife 
afford  the  folution  of  a difficulty  which  ! 
‘is  of  importance  from  its  immediate 
connexion  with  the  meafurement  of 
heights  by  the  barometer. 

Thofe  who  arc  acquainted  with  this 
fubjed,  and  who  have  read  the  ex- 
cellent work  in  which  Mr.  De  Luc 
has  developed  this  method  and  its  ap- 
plications, will  recoiled  his  having 

announced 
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announced  that  the  obfervations  made 
about  fun  rife,  and  in  the  horteft  part 
of  the  day  feldom  agreed  with  his 
rules.  The  firft  conftantly  making 
the  heights  too  little,  and  the  latter, 
in  general,  too  great. 

Now  it  follows  from  the  facts  I have 
related,  that  Mr.  De  Luc  and  all 
thofe,  who  obferve  the  thermometer  rt 
5 feet  from  the  ground  at  funrife, 
fuppofe  the  air  colder  than  it  really  ir, 
fince  even  at  70  feet  higher,  it  is 
fometimes  warmer  by  two  degrees  ; 
therefore,  the  fubtraétive  correction 
directed  by  Mr.  De  Luc  is  made  too 
confiderable,  and  the  altitudes  ob- 
tained are  confequently  too  little.  The 
contrary  happens  in  obfervations  made 
at  the  hotteft  time  of  the  day;  the 
thermometer  at  5 feet  from  the  earth 
(hews  an  accidental  heat,  which  does 


not 
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not  exift  a few  feet  higher;  and  as 
they  conceive  the  whole  column  be- 
tween the  two  dations  to  be  hotter 
than  it  really  is,  the  fubtractive  cor- 
rection is  made  too  little,  or  the  addi- 
tory  too  great,  and  confequently  the 
heights  obtained  are  too  considerable. 

A difference  of  about  2°.  of  the 
common  thermometer,  or  of  near  50. 
of  the  fcale  adopted  by  Mr.  De  Luc, 
which  frequently  takes  place  between 
the  thermometers  at  5 feet  and  at  75 
in  oppofite  directions,  is  fufficient  to 
affect  the  refults  confiderably.  It  is 
remarkable  that  the  time  he  mentions 
as  mod  favourable  for  the  exactitude 
of  barometrical  obfervations,  viz.  the 
fifth  part  of  the  fun’s  day  above  the 
horizon,  is  alfo  nearly  the  time  when 
the  courte  of  the  two  thermometers 
crofs,  and  when  they  agree  for  fome 

moments, 
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moments,  and  confequently  the  moft 
eligible  to  judge  of  the  temperature 
of  the  atmofphere  at  a certain  height, 
by  an  obfervation  made  near  the  earth, 
and  by  this  means  to,  approach  the 
true  mean  temperature  required.  But, 
as  I have  already  faid,  it  is  neceflary 
to  make  the  obfervation  on  the  ther- 
mometer in  the  (hade. 

§ 145.  There  is  alfo  another  objedfothc, 
of  enquiry  relating  to  temperature,  on  y. > 
which  thefe  experiments  may  throw  ^’e! 
fome  light  : I mean  the  regular  diur- 
nal progrefiion  of  atmofpheric  heat  in 
different  feafons  of  the  year,  and  in 
particular-  the  true  mean  heat  of  the 
24  hours. 

The  manner  of  eftimating  this  Lift 
is  not  generally  agreed  upon.  Some 
fuppofe  it  the  arithmetical  mean  of 
the  higheft  and  lowed  degrees  of  the 
T thermo- 


Procedure. 


( 274  ) 

thermometer  obferved  in  the  24  hours, 
without  regard  to  the  duration  of  the 
intermediate  temperatures.  Others, 
the  mean  heat  of  three  periodical  ob- 
fervations  made  in  the  morning,  at 
noon,  and  in  the  evening. 

The  true  mean  heat  would  reiult 
more  exadlly  from  the  fum  of  the  de- 
grees of  an  infinite  number  of  obfer- 
vations  made  in  the  24  hours,  divided 
by  the  number  of  the  oblervations 
themfelves.  And  the  more  this  prin- 
ciple is  adhered  to  in  the  procefs 
which  may  be  purfued  for  its  deter- 
mination, the  nearer  will  the  refult 
approximate  the  truth. 

§ 146.  In  the  courfe  of  my  expe- 
riments on  the  temperature  of  the  at- 
mofphere-,  I have  more  than  once  ob- 
ferved the  thermometer  every  half 
hour1,  from  the  dawn  of  day  till  10 

o’clock 
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o’clock  in  the  evening  : Sometimes  I 
have  obferved  every  quarte,  cf  an 
hour  during  the  fame  interval  ; and 
by  adding  to  the  obfervations  actually 
made,  the  changes  of  temperature 
which  may  be  fuppofed  to  happen  du- 
ring the  night,  from  ten  o’clock  in 
the  evening  till  the  dawn  of  day,  and 
which  would  probably  follow  a regu- 
lar decreafe  in  an  arithmetical  pro- 
gression, we  might  thus  compute  the 
mean  temperature  of  the  24  hours 
from  48  obfervations  ; or  from  96 
when  made  every  quarter  of  an  hour. 

Agreeably  to  this  method  I have 
ehofen  from  my  regifter  of  obferva- 
tions, thofe  which  were  made  on  very 
ferene  and  uniform  days,  in  the  hot- 
ted: feafon,  and  alfo  thole  made  about 
the  vernal  equinox,  in  order  to  as- 
certain the  mean  heat  of  the  24  hours 
T 2 at 
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at  thefe  two  periods.  The  obferva- 
tions  made  the  16th  Auguft,  1779, 
will  reprefent  pretty  well  the  tempera- 
ture of  an  ordinary  fummer’s  day  in 
our  climate;  and  thofe  made  the  19th 
March,  1781,  a day  in  the  beginning 
of  fpring. 

Mean  tcm-  $ 147.  On  the  firft  of  thefe  two 

peraturc  of  J ' 

a rummer’»  days,  1 had  48  obfervations,  including 
the  variations  I fuppofed  to  have  ta- 
ken place  from  10  o’clock  in  the  even- 
ing till  40  minutes  pad  4 in  the  morn- 
ing. I had  left  the  thermometer  at 
14®  at  10  o’clock  in  the  evening,  and 
finding  it  at  io°,  1 at  30  minutes  pail 
4 in  the  morning,  I divided  the  3°,9 
between  the  6 hours  and  i which  were 
eta  pied,  and  thus  formed  fo  many 
fuppofed  obfervations,  which  proba- 
bly were  not  far  from  the  truth,  and 
vhofe  poflible  variation  could  have 

but 
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but  a very  trifling  influence  upon  the 
mean  of  the  24  hours. 

By  this  procedure,  I round  the 
mean  heat  of  the  24  hours  deduced 
from  the  48  obfervations  taken  in  the 
fhade  at  5 feet  from  the  earth,  to  be 

In  the  courfe  of  my  obfervations,  I 
found'  that  the  thermometer  indicated 
this  temperature  about  8 o’clock  in 
the  morning,  and  about  7 i in  the 
evening.  If,  therefore,  one  fhould 
be  defirous  of  obtaining  an  idea  of 
the  mean  heat  of  a clear  fummer’s 
day  by  a Angle  obfervation,  this  ob- 
fervation  fliould  be  made  at  one  of 
the  hours  juft  mentioned. 

The  mean  of  the  extreme  tempera- 
tures obferved  that  day,  viz.  at  fun- 
rife,  and  at  3 o’clock  in  the  afternoon, . 

T 3 gave 
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gave  1 6°, 05  nearly  approaching  that  of 
the  24  hours  found  above. 

The  mean  of  3 periodical  obferva- 
tions  made  the  fame  day,  viz.  at  fun- 
rife,  at  funfet,  and  during  the  hotted 
moment  of  the  day,  gave  16^,5. 

And  the  mean  of  3 obfervations, 
made  at  funrife,  at  noon,  and  at  fun- 
fet, gave  i6°,i.  which  agreed  per- 
fectly with  the  mean  of  the  24  hours. 

The  difference  between  the  hotted 
and  colded  time  of  the  day  was  i2°,8. 

§ 148.  By  combining  in  the  fame 
manner  the  obfervations  of  the  19th 
March,  1781,  made  every  quarter  of 
an  hour,  viz.  to  the  number  of  96 
during  the  24  hours,  we  find  the  fol- 
lowing refults  : 

The  mean  heat  at  5 feet  from  the 
earth  in  the  fhade  was  5°,8  ; and  we 
found  this  degree  of  temperature  at 

8 o’clock 
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o’clock  in  the  morning,  and  at  io 
in  the  evening.  It  is  remarkable, 
that  in  feafons  fo  different  the  mean 
heat  fhould  be  equally  reprefented 
by  the  obfervation  made  at  8 in  the 
morning.  But  the  mean  between  the 
extremes  of  temperature  on  this  day 
gave  70, 9.  which  exceeds  the  mean 
of  the  24  hours  z°,i.  The  mean  of 
three  periodical  obfervations  made  at 
funrife,  at  funfet,  and  in  the  hotted 
time  of  the  day,  gave  9°,$  ; and  the 
mean  of  3 obfervations  made  at  fun- 
rife,  at  noon,  and  at  funfet,  gave 
; which  exceed  the  other  mean 
dill  more.  The  difference  between 
the  extremes  of  temperature  this  day 
was  1 40, 8. 

From  thefe  examples  it  may  be 
prefumed  that  it  would  be  difficult  to 
give  any  ffinple  formula,  applicable 

T 4 to 
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to  all  feafons,  which,  from  two  or 
three  obfervations  made  at  certain  pe- 
riods of  the  day,  would  nearly  Ihevv 
the  mean  temperature  of  the  24 
hours. 

a graphical  § 149*  In  my  daily  obfervations,  I 
vtiy'conve*  have  found  nothing  more  convenient 
!'hefc inijiii- ^or  obtaining  a clear  idea  of  the  diur- 
*•**•  nal  courte  of  atmofpheric  heat,  than 
after  the  example  of  other  philofo- 
phers,  to  reprelent  it  graphically  by 
means  of  curved  lines,  upon  the  axis 
of  which  1 marked  abi’ceflès  propor- 
tioned to  the  times  elapfed  between 
the  obfervations,  and  the  correfpond- 
ent  ordinates  thereof  reprefent  -.1  the 
elevation  of  the  thermometer  for  every 
obl'ervation.  The  form  of  the  curve 
which  pafled  through  the  extremities 
of  thefe  ordinates,  and  which  became 
a ftraight  line  oblique  to  the  axis  in 

the 
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the  fuppofed  obfervations  between  io 
o’clock  in  the  evening  and  day-break 
in  the  morning,  defcribed  to  the  eye, 
in  the  raoft  compleat  and  fatisfa&ory 
manner,  and  in  an  inftant,  what  could 
not  have  been  difcovered  without 
much  time  and  infinite  attention  in 
columns  of  cyphers  reprefenting  the 
obfervations  themfelves. 

§ 150.  This  curve  prefented  an  ir- curve 
regularity  in  the  part  correfponùing  to  „'”i 
the  obfervations  made  tow  rds  9'^;,“^" 
o’clock  in  the  morning  in  fummer  ; 
it  there  formed  two  or  three  zig-zags, 
occafioned  by  a light  breeze  which 
generally  rofe  about  that  hour  in  the 
ferene  days,  and  cooled  the  atmof- 
phere  by  intervals.  The  curve  after- 
wards regained  its  regularity,  became 
parallel  to  the  axis  between  2 and  3 
o’clock  P,  M.  and  from  that  time  till 

fun- 
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funfet  approached  it  more  brifkly  than 
it  had  diverged  from  it  in  the  morn- 
ing. The  curves  of  different  feafons 
have  each  their  chara&eriftic.  Thofe 
of  the  fpring  are  moft  convex,  be- 
caufe  the  extreme  differences  of  tem- 
perature at  this  feafon  of  die  year  are 
great  eft. 

But  I am  wandering  from  my  fub- 
ieif.  It  fhall,  however,  be  refumed 

f 

in  the  following  chapter,  which  will 
conclude  this  effay. 
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C H AP.  IX. 

Experiments  on  Heat  produced  by 

Fridlion. 

$ 1 <2.  If  the  difcovery  of  a truth  is  Opinion 

J u . concerning 

a fource  of  real  pleafure  to  a philofo-thecaufeof 
pher,  an  opportunity  of  correcting  an  ced  by. fric- 
error  which  he  had  adopted  will  alfot,on* 
be  a gratification  to  a candid  mind, 
and  is  what  I experienced  in  the  courfe 
of  experiments  contained  in  this  chap- 
ter. 

I was  perfuaded  that  the  heat  pro- 
duced by  friction  was  owing,  in  a 
great  meafure,  to  a kind  of  mechani- 
cal decompofition  of  the  air  between 
the  furfaces  rubbing  againft  each  other  ; 
and  this  opinion  appeared  to  be  pro- 
bable 


t 2Î4  ) 

bable  from  the  obfervation  that  the 
fragments  of  fteel  detached  by  the 
ftroke  of  a flint,  were  not  melted  in 
vacuo  as  they  were  in  air.  This  hy- 
pothefis  feemed  alfo  to  be  fupported 
by  confiderations  on  the  quantity  of 
fire  chemically  contained  in  this  elaflic 
fluid.  But  we  fhall  prefently  fee,  that 
experience  has  overturned  it. 

Apparatus  § 1 53.  In  order  to  vary  the  expen- 
se truth3  ments,  I employed  the  following  ap- 

of  this  opi- 
nion. paratus. 

It  is  a kind  of  clock-work  move- 
ment, 3 inches  in  diameter,  and  2 in 
height.  The  moving  power  is  a 
fpring  inclofed  after  the  ufual  manner 
in  a barrel,  the  wheel  of  which  has 
120  teeth,  and  runs  in  a pinion  of  ia 
leaves,  whofe  ip  indie  carries  a wheel 
of  98  teeth.  This  wheel  runs  in  a 
_pinion  of  8 leaves,  which  drives  a 

third 
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third  wheel  of  60  teeth,  and  this  turns 
a third  pinion  of  22  leaves,  which  oc- 
cupies the  centre  of  the  machine  to- 
wards the  upper  plate.  The  fpindle 
of  this  pinion  projects  above  the  plate 
and  is  terminated  by  a fquare,  to 
which  the  fubftances  defigned  to  make 
trial  of  the  friction  are  adapted. 

In  confequence  of  fuch  a number 
of  teeth  and  leaves  running  in  each 
other,  the  laft  pinion  makes  334  re- 
volutions for  one  of  the  wheel  of  the 
barrel. 

To  this  pinion  are  fitted  feveral  little* 
hemifpherical  cups  with  the  concavity 
uppermoft,  and  their  bottoms  being 
pierced  with  a fquave  hole  correfpond- 
ing  with  the  fquare  of  the  fpindle, 
they  are  placed  thereon  and  turn  with 
it.  The 'cups  I made  ufe  of  were  of 
fteel,  of  brafs,  and  of  wood,  and  of 

two 
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two  different  diameters,  viz.  7 lines: 
and  3 I. 

Immediately  over  the  centre  of  the 
cup  fixed  for  the  experiment,  I place 
a mercurial  thermometer,  whofe  bulb 
is  only  z\  lines  in  diameter.  This 
thermometer  may  be  raffed  or  lowered 
fo  as  to  enter,  more  or  lefs,  the  cavity 
of  the  cup  without  touching  its  fides; 
by  which  difpofition  it  is  calculated  to 
receive  and  fhew  molt  readily  the  heat 
given  to  the  cup  by  the  friétion. 

The  friction  operates  on  the  outer 
edge  of  the  cup  near  the  brim  ; 
and  in  order  to  vary  it  either  by  the 
degree  of  preffion,  or  the  nature  of 
the  fubfiances  rubuing  agamfl:  each 
other,  I employ  a horizontal  lever, 
whofe  point  of  fupport  is  at  one  of  the 
extremities,  die  direction  of  which  is 
parallel  to  a tangent  of  the  circumfe- 
rence 
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rence  of  the  cup,  and  at  the  other  ex- 
tremity a thread  is  fixed  at  right  an- 
gles, which,  palling  over  a pulley, 
fufpends  a weight  that  may  be  varied. 
The  lever  is  furnilhed  with  a mouth- 
piece at  its  mid-length,  refembling 
that  of  the  cock  of  a piftol,  in  which 
I place  the  different  fubfiances  intended 
to  rub  againft  the  cup  with  a preffion 
determinable  by  the  weight.  For,  as 
the  lever  is  of  the  fécond  clafs,  and 
the  diftance  from  the  mouth-piece  to 
the  point  of  fupport  is  x 3 1 lines,  whiift 
the  weight  ads  at  its  extremity  at 
double  that  diftance,  or  26I  lines,  the 
action  of  the  weight  prefling  the  fub- 
ftance  rubbing  againft  the  cup  is  dou- 
ble the  weight  itfelf,  which  being  4 
drachms,  1 8 grains,  its  effed  is  con- 
fequently  equal  to  1 ounce,  36  grains; 
and  this  is  the  preffion  I have  con- 

ftantly 
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fiantly  employed  in  the  experiments 
of  which  I am  about  to  render  an  ac- 
count. 

I found  the  relative  velocity  of  the 
fubftances  under  fridion,  in  the  fol- 
lowing manner.  When  I applied  the 
fteel  cup  of  7 lines  diameter  to  the 
fpindle  of  the  pinion,  and  fufpended 
to  the  lever  the  weight  above  men- 
tioned, putting  in  the  mouth-piece  a 
bit  of  brafs  to  mb  againft  the  fteel, 
the  wheel  of  the  barrel  in  running 
down  makes  5 revolutions  in  8 fé- 
conds; it  may  therefore  be  concluded, 
that  in  this  cafe  the  circumference  of 
the  cup  is  moved  at  the  rate  of  32 
feet  in  a fécond.  Bt  it  when  inftead  of 
the  great  fteel  cup  I fubftitute  a brafs 
one  of  only  3-5:  lines  diameter,  leaving 
the  fame  prcftion  and  the  fame  rub- 
bing fubftar.ee,  the  wheel  of  the  bar- 
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rcl  makes  one  revolution  in  a fécond, 
which  gives  the  circumference  of  the 
eup  a velocity  of  25!  feet  in  a fécond. 

And  thefe  are  the  extremes  of  the  ve- 
locities employed  in  my  experiments. 

The  apparatus  is  of  a fize  to  admit 
its  being  readily  introduced  into  the 
common  receivers  ; and  it  may  be  fet 
in  motion  in  vacuo  by  means  of  a rod, 
which  traverfes  the  leathern  apparatus 
commonly  employed  for  this  purpofe, 
and  the  extremity  of  which  touches  a 
fpring  or  trigger. 

§ 154.  Comparative,  experiment?  in  Experi- 
the  air  and  in  vacuo  were  the  fir  ft  ob-  f^on'in 
jedts  of  my  inquiries.  For  this  pur- !j^e 
pofe,  having  adapted  a cup  of  tem- 
pered fteel,  and  piâced  in  the  mouth- 
piece a bit  of  adamantine  fpar,  which 
mineralogies  efteem  the  hardeft  fub- 
dance  next  to  the  diamond,  I fet  the 
U machine 
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machine  in  motion  in  the  air.  Sparks 
flew  out  during  all  the  revolutions, 
and  formed  a radiated  fheaf  of  light, 
whofe  top  was  at  the  point  of  contaft. 
The  thermometer  in  the  centre  of  the 
cup,  at  feme  diftance,  however,  from 
its  ftdes,  (hewed  no  figns  of  heat  pro- 
duced by  the  fri&ion. 

I repeated  the  experiment  and  placed 
the  bulb  of  the  thermometer  without 
the  cup,  very  near  its  outer  edge, 
prefuming  that  the  fire  carried  away, 
pei haps,  by  the  rapidity  of  the  revo- 
lutions would  form  an  atmofpherc 
round  the  edge,  and  thereby  affeâ: 
the  thermometer.  But  the  infiniment 

I • 

in  this  new  difpofition  gave  no  figns  of 
heat. 

I repeated  the  experiment  in  a va- 
cuum, where  the  mercury  of  the  gage 
flood  at  4 lines.  The  thermometer 

(hewed 
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ill e wed  no  fions  of  heat  in  this  cafe, 

O 

and  1 iaw  no  fparks.  I even  thought 
that  no  light  was  produced  ; but 
when  I renewed  the  experiment  in 
complete  obfcurity,  I faw  at  the  place 
of  contact  a phofphoric  glimmer,  like 
that  obferved  upon  rubbing-hard  Hones 
in  the  dark. 

§ 155.  From  the  refult  of  thefe  ex-Thcrcr»'.t 
periments  I naturally  concluded  thatching, 
in  the  prefent  difpofition  of  my  appa- 
ratus, the  heat  produced  by  the  fric- 
tion was  fo  weak  that  the  thermometer 
thus  fituâted  could  not  indicate  it  in  a 
manner  to  be  depended  upon  ; for,  Ï 
could  perceive  no  variation  in  the  ex- 
periments made  alternately  in  the 
air  and  in  vacuo,  except  that  in  the 
former  I obtained  fparks,  and  in 
the  latter  only  a feeble  phofphoric 
light. 
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§ 156.  I now  fubftituted  the  brafs 
cup  of  3I  lines  inftead  of  the  (feel 
cup  of  7 lines,  and  the  bulb  of  the 
thermometer  almoft  entirely  occupy- 
ing the  cavity  of  the  cup,  it  was  fo 
near  its  lides,  that  the  fmalleft  heat 
produced  mull  affedt  it.  I placed  in 
the  mouth-piece  a bit  of  brafs,  and 
the  preflion  being  always  the  fame,  I 
fet  the  machine  in  motion  in  the  air 
feveral  times  following,  and  each 
time  obtained  an  afeenfion  of  tv  of  a 
degree  of  the  thermometer. 

I obferved  that  the  thermometer 
did  not  begin  to  mount  till  the  ma- 
chine had  nnifhed  its  revolutions. 
Their  rapidity,  without  doubt,  gave 
to  the  ambient  air  a tangential  force 
which  carried  off  the  fire  in  propor- 
tion as  it  was  difengaged  by  the  fric- 
tion ; but  as  focn  as  the  motion  ceafed, 

the 
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the  thermometer  rofe  during  15  or 
20  féconds  to  a certain  maximum , 
which  varied,  as  will  be  feen,  ac- 
cording to  circumftances. 

§ 157.  I repeated  the  fame  expe- Refait  con- 

. ~ , . , r 2 trarv  to  my. 

liment  in  a vacuum  which  iupported  exfcfteio;i 
an  inch  of  mercury,  and  1 obtained 
a mean  afcenfion  of  1 ,°z  ; with  this 
difference,  that  the  thermometer  rofe 
whilft  the  machine  was  in  motion,  and 
thereby  confirmed  the  explication  I 
have  juft  given  of  the  caufe  which 
rendered  it  ftationary  in  the  air. 

In  this  inftance  we  fee  fire  excited 
by  friction  more  efficaciouily  in  vacuo 
than  in  the  air.  The  fpecific  heat  of 
air,  by  abforbing  a part  of  the  heat 
produced,  tended,  without  doubt,  to 
increafe  the  difference  of  thefe  refults; 
but  the  difference  which  flill  remained 
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•was  fufficient  to  induce  a fufpicion  ot 
'ray  miftake. 

To  afcertain  whether  the  heat  I had 
obferved  was  really  owing  to  the  fric- 
tion of  the  fubftance  in  contact  with 
the  outer  edge  of  the  cup,  I put  the 
cup  in  motion,  without  any  thing 
touching  its  edge,  and  the  thermome- 
ter remained  perfectly  ftadonary. 

§ 158,  In  thefe  experiments  we 
h have  ieen  metallic  fubftances  of  the 
"fame  kind  in  contaft,  and  to  know 
whether  the  hardnefs  of  the  rubbing 
fubftances  was  one  of  the  caufes  which 
contributed  to  the  produftioji  of  heat, 
I let  the  brafs  cup  remain,  and  placed 
in  the.  mouth-piece,  inftead  of  the 
bit  of  brafs,  a piece  of  the  foft  wood 
of  a pencil,  which  touched  the  cup 
by  a very  narrow  edge  only.  By  this 
difpofition  I obtained  in  the  air  a mean 

afcen- 
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afcenfion  of  -/s  of  a degree,  which 
was  greater  by  rb  than  what  had  been 
produced  by  the  friction  of  brafs 
againft  brafs. 

To  confirm  thefe  refults  I fubfti- 
tuted,  inftead  of  the  brafs  cup,  a cup 
of  very  foft  wood  of  the  fame  diame- 
ter, leaving  in  the  mouth-piece  the 
fame  bit  of  wood  which  had  been 
made  ufe  of  in  the  preceding  experi- 
ment. This  alteration  occafioned  an 
afcenfion  of  2°,  i in  the  air,  which 
was  the  mean  of  three  experiments 
that  differed  only  Tb  of  a degree  from 
each  other.  In  this  cafe,  wood  rub- 
bing againft  wood,  produced  a heat 
tjfree  times  greater  than  had  been  ob- 
tained by  the  fridtion  of  wood  againft 
brafs,  which  perfectly  confirmed  the 
firft  refults. 

U 4 I re- 
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I repeated  this  experiment  in  va- 
cuo, and  had  a mean  aicenfion  of 
20, 4 -,  that  is  to  fay,  a little  more 
heat  than  in  the  air,  according  to  the 
preceding  obfervations. 

Experiment  <\  1 rq,  Still  better  to  determine 

in  co.uicnfet!  . 

air.  the  influence  of  the  air,  I was  defi- 
rous  of  repeating  the  experiment  in 
the  extremes  ; that  is,  having  already 
made  it  in  vacuo,  of  trying  it  in  con- 
denfed  air.  The  gage  of  the  con- 
denfing  pump  was  at  48  inches,  and 
the  air  within  confequently  charged 
with  an  atmofphere  and  three  fourths. 
In  thefe  circumftances  I obtained  only 
•nr  of  a degree  of  heat  ; whereas  I had  ob- 
tained 20, 4 in  a vacuum  which  fupport- 
ed  one  inch  of  mercury, and  the  pofition 
of  the  thermometer  remaining  always 
the  fame,  in  a feries  of  experiments 

made 
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made  with  the  fame  cup,  no  acci- 
dental variation  could  have  happened. 

§ 160.  But  chance  occafioned  the  singular  er- 
ducovery  of  a circumftance  which 
powerfully  modified  and  ftill  more cnance' 
completely  overthrew  the  ideas  I had 
formed  of  the  caufe  of  heat  produced 
by  friction. 

When  I employed  the  brafs  cup, 

I was  apprehenfive,  from  the  final  1- 
nefs  of  its  concavity,  that  the  bulb- 
of  the  thermometer,  owing  to  fome 
irregular  motion,  might  be  broken 
by  the  rapid  fridtion  of  the  metallic 
body,  which  it  almoft  touched.  And 
to  prevent  this  accident,  I lined  the 
infide  of-  the  eup  with  cotton,  which 
touched  very  fiightly,  and  by  fome 
filaments  only,  the  under  part  of  the 
bulb.  I now  £r»v  with  much  furprife 
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the  thermometer  rife  5 or  6 degrees 
during  the  revolutions  of  the  cup. 

This  phenomenon  took  place  inde- 
pendent of  all  external  fridtion  againft 
the  cup,  and  was  therefore  manifeftly 
owing  to  the  friction,  although  very 
light,  of  the  cotton  under  the  bulb 
of  the  thermometer. 

I repeated  this  experiment  in  many 
different  ways,  and  obferved,  that  in 
proportion  as  I preffed  the  thermome- 
ter upon  the  cotton,  the  heat  was  in- 
creafed,  and  to  that  degree,  that  the 
thermometer  I ufed  for  thefe  obfer- 
vations  having  only  15  degrees  of 
movement,  I was  fearful  of  breaking 
it  by  carrying  the  experiment  to  the 
extreme. 

There  are  certainly  few  bodies 
more  yielding  than  the  filaments  of 
cotton.,  and  yet  it  was  their  fridtion 
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which  was  the  moft  energetic  of  all  the- 
means  I employed  in  producing  heat. 

It  is  true  that  the  cotton,  rubbed  the 
bulb  of  the  thermometer  itfelf  ; 
whereas  all  the  other  fridions  had 
been  made  only  again  ft  the  cup  which 
farrounded  it:  But  I cannot  be  per- 
fuaded  that  the  difference  of  the  re- 
faits was  folely  owing  to  this  cir- 
cumftancec  It  appeared,  that  the 
heat  produced  in  vacuo  was,  in  this 
cafe  alfo,  greater  than  that  produced 
in  the  air  ; but  it  is  evident,  that  ex- 
periments made  in  this  manner  can- 
not be  rigoroufly  comparative,  be- 
eaufe.  it  is  impoffible  to  afcertain  a 
perfed  equality  of  preffion  upon  the 
cotton  in  two  confecutive  experi- 
ments. 

§ 1 6 1 . It  is  very  difficult  to  reafon  Reflect*03î,i' 
upon  the  facts  I have  juft  related. 
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They  offer  only  fome  data  for  our 
procedure,  by  way  of  exclufioK.  We 
fee  that  it  is  not  air  which  caufes  heat 
in  friction  ; we  fee  alfo  that  it  is  not 
the  hardnefs  of  the  rubbing  fub- 
flances  ; but  we  do  not  perceive  wrhat 
is  the  quality  of  bodies  on  which  this 
effect  depends. 

The  fparks  produced  by  the  col- 
iifion  of  flint  and  fteel,  are  probably 
owing  to  two  caufes.  ift.  To  the 
hardnefs  of  the  ftone,  which  enables 
it  to  penetrate  the  fteel,  and  to  detach 
from  it  very  thin  fragments  in  the 
form  of  ribands.  2ndly.  To  the 
combufliblenefs  of  fteel.  This  metal 
being  raifed  by  the  fridtion  to  a de- 
gree of  temperature  in  which  it  is 
able  to  decompound  the  oxygenous  gas, 
and  offering  by  its  great  attenuation 
a conflderable  furface  to  the  ambient 

atmof- 
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atmofpherical  air,  combuftion  begins 
in  fome  part  of  that  furface,  and  once 
begun,  the  freed  caloric  is  fufficient 
to  continue  it,  till  the  metal  becomes 
entirely  oxidated  or  converted  into  a 
black  ethiops. 

This  is  therefore  a chemical  phe- 
nomenon, which  does  not  take  place 
in  vacuo,  becaufe  there  is  not  any 
oxygenous  gas  there. 

§ 162.  It  is  perhaps  allowable  toconjec. 
riik  conjectures  on  a new  fubjedt,tures’ 
when  the  truth  is  yet  undisco- 
vered. 

May  not  the  heat  produced  by  a 
caufefo  fimilar  to  that  which  gene- 
rates  eledricity,  depend  upon  the 
eledtric  action,  which  was,  without 
doubt,  excited  by  the  gentle  friction 
of  the  cotton  againft  the  furface  of 
the  giafs  bulb  ? Fire  and  the  eledtric 
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fluid  develop  themfelves  refpedively 
in  many  other  cafes,  and  we  have  feen 
an  example  in  the  preceding  experi- 
ments, which  may  affift  us  in  con- 
ceiving the  poffibility  of  a reciprocal 
adion  of  the  two  fluids  in  this  laft. 

If  eledricity  fnould  have  no  flrnre 
in  thefe  effeds,  may  not  a vibratory 
movement,  excited  by  fridion  in  the 
matter  of  fire  contained  in  the  pores 
of  the  fubftances,  develop  the  adion 
of  this  element  fo  eminently  elafiic  ? 

Thus,  to  give  an  example  of  an 
analogous  effed,  the  wet  finger  moved 
lightly  on  the  edge  of  a glafs  produces 
a flronger  and  more  complete  found, 
than  a blow  from  a hard  and  folia  body 
upon  the  fame  glafs.  In  like  man- 
ner the  bow  produces  a flronger  found 
ifrom  the  firings  of  a violin,  by  being 

drawn 
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drawn  acrofs  them,  than  can  be  ob- 
tained by  ftriking  them  violently. 

A particular  fact  o"bferved  by  Mr. 
Benjamin  Thompfon  * tends  to  con- 
firm this  conjecture.  He  remarked, 
in  a courfe  of  experiments  on  fomc 
pieces  of  Ordnance,  that  the  cannon 
was  much  more  heated  when  fired 
with  powder  only,  than  when  a ball 
was  added  ; and  he  {hews  very  clearly, 
that  the  heat  which  the  piece  poffeffes 
after  the  difcharge,  is,  in  general, 
very  little  owing  to  the  heat  produced 
by  the  inflammation  of  the  powder. 
That  able  philofopher  endeavours  to 
explain  this  faCt  by  the  hvpothefis 
which  I have  juft  mentioned.  He 
prefumes  that  the  fudden  commotion 
which  takes  place  at  the  ioftaht  of 

* Philof.  Tran  fact.  1781,  2nd  part. 
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the  explofion  of  the  powder  without 
ball,  puts  the  fire  much  more  effec- 
tually into  vibration,  than  when  the 
ihock  is  deadenened  by  the  prefence 
of  the  ball. 

But  what  is]  the  quality  of  bodies 
mod  likely  to  produce  this  vibration 
in  the  element  of  fire  ? Is  it  their 
own  elafticity  ? The  obfervations  I 
have  made  feem  to  prove  the  con- 
trary. Do  not  the  fpecific  heat  of  va- 
rious fubftances  and  their  different 
permeability  to  the  matter  of  fire 
operate  alfo  as  coefficients  in  the  ef_ 
fedts  of  friétion  ? and  if  fo,  experi- 
mental inquiries  become  complicated 
and  very  difficult. 
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